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circuits. It covers the full line of RCA 
standard A- and B-series digital logic 
circuits, and special-function circuits 
(telecommunications and special inter- 
face and display driver circuits). An In- 
dex to Devices provides a complete 
listing of types. 

The DATABOOK is divided into nine 
major sections. The first section in- 
cludes classification and selection 
charts, functional diagrams, and 
photographs of available package op- 
tions. This section is followed by a 
discussion of general considerations 
that should be taken into account in 
the operation and application of 
COS/MOS integrated circuits. 

Three separate data sections provide 
definitive ratings and characteristics 
for (1) high-voltage B-series types, (2) 
A-series types, (3) special-function 
types. 

Data pages for individual devices are 
included as nearly as possible in alpha- 
numerical sequence of type numbers. 
Because some devices are grouped 
together to show similarity of function 
or data, individual type numbers may 
be out of sequence. If you don’t find 
the type number you’re looking for 
where you expect it to be, check the In- 
dex to Devices. 

The data sections are followed by a 
Dimensional Outlines section, an Ap- 
plication Notes section, and a section 
that lists RCA Sales Offices, Manufac- 
turers’ Representatives, and Author- 
ized Distributors. 
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Product Selection Guides 


Product Classification Chart 


GATES 

MULTIVIBRATORS 

Single-Level 

Multi-Level 

Flip-Flops/Latches 




Buffers & 

Multi- 

Decoders/ 

Schmitt 



NOR/NAND 

OR/AND 

Inverters 

function/AOl 

Encoders 

Trigger 



CD4000B 

CD4012B 

CD4071B 

CD4007UB 

CD4019B 

CD4028B 

CD4093B 

CD4013B 

CD4096B 

CD4000UB 

CD4012UB 

CD4072B 

CD4007A 

CD4019A 

CD4028A 

CD40106B 

CD4013A 

CD4099B** 

CD4000A 

CD4012A 

CD4073B 

CD4009UB 

CD4030B ■ 

CD4514B 



CD4027B 

CD4508B 

CD4001B 

CD4023B 

CD4075B 

CD4009A 

CD4030A ■ 

CD4515B 



CD4027A 

CD4724B** 

CD4001UB 

CD4023UB 

CD4Q81B 

CD4010B 

CD4037A 

CD4532B 



CD4042B 

CD40174B 

CD4001A 

CD4023A 

CD4082B 

CD4010A 

CO4048B 

CD4555B* 



CD4042A 


CD4002B 

CD4025B 


CD4041UB 

CD4048A 

CD4556B* 



CD4043B 

Astable/ 

CD4002UB 

CD4025UB 


CD4041A 

CD4070B* 

CD40147B 



CD4043A 

Mono- 

CD4002A 

CD4025A 


CD4049UB 

CD4077B* 




CD4044B 

stable 

CD4011B 

CD4068B 


CD4049A 

CD4085B 




CD4044A 

CD4047B 

CD4011UB 

CD4078B 


CD4050B 

CD4086B 




CD4076B** 

CD4047A 

CD4011A 

CD40107B 


CD4050A 





CD4095B 





CD4069UB 










CD4502B 

■ See 

•See 



•*See 

Mono- 




CD4503B 

Comparators 

Demultiplexers 



Storage 

stable 




CD40107B 





Registers 

CD4098B 










CD4538B 






MULTIPLEXERS/ 

PHASE- 

QUAD 

INTER- 

REGISTERS 


COUNTERS 

DEMULTIPLEXERS 

LOCKED 

BILATERAL 

FACE 



FIFO 

Binary 


Analog/Digital 

LOOP 

SWITCHES 

CIRCUITS 

Shift 

Storage 

Buffer 

Ripple 

Synchronous 

Data Selectors 




CD4006B 

CD4076B 

CD40105B 

CD4020B 

CD4017B 

CD4016B A 


CD4046B 

CD4016B + 

CD4009UB 

CD4006A 

CD4099B 


CD4020A 

CD4017A 

CD4016A A 


CD4046A 

CD4016A ♦ 

CD4009A 

CD4014B 

CD4724B 


CD4024B 

CD4018B 

CD4019B 



CD4066B ♦ 

CD4010B 

CD4014A 

CD40108B* 


CD4024A 

CD4018A 

CD4019A 



CD4066A ♦ 

CD4010A 

CD4015B 

CD40208B* 


CD4040B 

CD4022B 

CD4051B 




CD4049UB 

CD4015A 



CD4040A 

CD4022A 

CD4052B 




CD4049A 

CD4021B 



CD4060B 

CD4029B 

CD4053B 




CD4050B 

CD4021A 



CD4060A 

CD4029A 

CD4066B A 




CD4050A 

CD4031B 




CD4059A 

CD4066A A 




CD40107B 

CD4031A • 




CD4510B 

CD4067B 




CD40109B 

CD4034B • 



TIMERS 

CD4516B 

CD4097B 




CD40115 V 

CD4034A 




CD4518B 

CD4512B 




CD40116 V 

CD4035B 




CD4520B 

CD4555B © 





CD4035A 




CD40102B 

CD4556B © 





CD4062A 



CD4536B 

CD40103B 

CD40257B 





CD4094B 




CD40160B 






CD4517B 




CD40161B 






CD40100B 

•See 



CD40162B 

A See ©See 



♦ See 


CD40104B 

Multiport 



CD40163B 

Quad Decoders/ 


Multiplexers 


CD40194B 

Register 



CD40192B 

Bilateral Encoders 








CD40193B 

Switch 






ARITHMETIC CIRCUITS 

DISPLAY DRIVERS 

TELECOMMUNICATION 



Parity 



For 

For 

CIRCUITS 

Adders/ 

ALU/Rate 

Generator/ 

Multiport 


LCD* 

LEDe# 

Crosspoint 

Tone 

Comparators 

Multipliers 

Checker 

Register 

With Counter 

Drive 

Drive 

Switches 

Generator 

CD4008B 

CD4057A 

CD40101B 

CD40108B* 

CD4026B 

CD4054B 

CD4511B 

CD22100 V 

CD22859 V 

CD4008A 

CD4089B 


CD40208B* 

CD4026A 

CD4055B 


CD22101 V 


CD4030B + 

CD4527B 


CD4034B* 

CD4033B 

CD4056B 


CD22102 V 


CD4030A + 

CD40181B 


CD4034A* 

CD4033A 

CD22104 V 




CD4032B 

CD40182B 



CD40110B 

CD22104A V 




CD4032A 





CD22105 V 




CD4038B 





CD22105A V 




CD4038A 









CD4063B 









CD4070B + 

+ See 


•See 


•Liquid 

••Light 



CD4077B + 

Multifunc- 


Storage 


Crystal 

Emitting 



CD4585B 

tion/AOl 


Register 


Display 

Diode 




V Indicates types designed for special applications. Ratings and characteristics data for these types differ 
in some aspects from the standardized data for A- and B-series types. Refer to RCA data bulletin on 
these types for specific differences. Data bulletin file numbers are shown on functional diagrams. 


Function Selection Chart 



mm 

No. of 



No. of 

Function 


Pins 

Function 

Type No. 

Pins 


Gates 

NOR/NAND 


Dual 4-input NOR 

CD4002B 

14 

CD4002UB 

14 


CD4002A 

14 

Dual 4-input NAND 

CD4012B 

14 

CD4012UB 

14 


CD4012A 

14 

Triple 3-input NOR 

CD4025B 

14 


CD4025UB 

14 


CD4025A 

14 

Triple 3-input NAND 

CD4023B 

14 


CD4023UB 

14 


CD4023A 

14 

Quad 2-input NOR 

CD4001B 

14 


CD4001UB 

14 


CD4001A 

14 

Quad-2 input NAND 

CD4011B 

14 


CD4011UB 

14 


CD4011A 

14 

8-input NOR/OR 

CD4078B 

14 

8-input NAND/AND 

CD4068B 

14 

Dual 3-input NOR plus inverter 

CD4000B 

14 


CD4000UB 

14 


CD4000A 

14 

Dual 2-input NAND buffer /driver 

CD40107B 

8,14 

OR/AND 

Dual 4-input OR 

CD4072B 

14 

Dual 4-input AND 

CD4082B 

14 

Triple 3-input OR 

CD4075B 

14 

Triple 3-input AND 

CD4073B 

14 

Quad 2-input OR 

CD4071B 

14 

Quad 2-input AND 

CD4081B 

14 

Buffers and Inverters 

Dual complementary pair plus 
inverter 

CD4007UB 

14 


CD4007A 

14 

Hex inverter 

CD4069UB 

14 

Hex inverter/ buffer (3-state) 

CD4502B 

16 

Hex buffer (3-state non-inverting) 

CD4503B 

16 

Hex buffer/converter (inverting) 

CD4009UB 

16 


CD4O09A 

16 

Hex buffer/converter (inverting) 

CD4049UB 

16 


CD4049A 

16 

Hex buffer/converter (non-inverting) 

CD4010B 

16 


CD4010A 

16 

Hex buffer/converter (non-inverting) 

CD4050B 

16 


CD4050A 

16 

Quad true/complement buffer 

CD4041UB 

14 


CD4041A 

14 

Dual 2-input NAND buffer/driver 

CD40107B 

8,14 

Multifunction/AOl 



Triple AND-OR bi-phase pairs 

CD4037A 

14 

Quad exclusive-OR 

CD4030B 

14 


CD4030A 

14 

Quad exclusive-OR 

CD4070B 

14 

Quad exclusive-NOR 

CD4077B 

14 


Gates (cont’d) 

Multifunction/AOl (cont’d) 


Quad AND/OR Select 

CD4019B 

16 

Dual 2-wide, 2-input AND/OR 

CD4019A 

16 

invert (AOI) 

Expandable 4-wide, 2-input 

CD4085B 

14 

AND/OR invert (AOI) 
Multifunctional expandable 8-input 

CD4086B 

14 

(3-state output) 

CD4048B 

16 

Decoders/Encoders 

CD4048A 

1 6 

BCD-to-decimal decoder 

CD4028B 

16 


CD4028A 

16 

8-input priority encoder 

10-line to 4-line 

CD4532B 

16 

BCD priority encoder 

4-bit latch/4-to-1 6 line decoder 

CD40147B 

16 

(outputs high) 

4-bit latch/4-to-1 6 line decoder 

CD4514B 

24 

(outputs low) 

Dual 1-of-4 decoder/demultiplexer 

CD4515B 

24 

(outputs high) 

Dual 1 -of-4 decoder/demultiplexer 

CD4555B 

16 

(outputs low) 

§chmitt Trigger 

CD4556B 

16 

Quad 2-input NAND 

CD4093B 

14 

Hex 

Interface 

CD40106B 

14 

Quad low-to-high voltage 

CD40109B 

16 

Hex high-to-low voltage (inverting) 

CD4009UB 

16 


CD4009A 

16 


CD4049UB 

16 


CD4049A 

16 

Hex high-to-low voltage (non- 

CD4010B 

16 

inverting) 

CD4010A 

16 


CD4050B 

16 


CD4050A 

16 

Dual 2-input NAND buffer/driver 
8-bit bidirectional CMOS-to-TTL 

CD40107B 

8,14 

level converter 

8-bit bidirectional CMOS-to-TTL 

CD40115 V 

22 

level converter 

Multivibrators 

CD40116 V 

22 

Monostable/astable 

CD4047B 

14 


CD4047A 

14 

Dual monostable 

CD4098B 

16 

Dual precision monostable 

Flip-Flops 

CD4538B 

16 

Dual “D” with set/reset capability 

CD4013B 

14 


CD4013A 

14 

Dual “J-K” with set/reset capability 

CD4027B 

16 


CD4027A 

16 

Gated “J-K” (non-inverting) 

Gated “J-K” (inverting and non- 

CD4095B 

14 

inverting) 

CD4096B 

14 


v Indicates types designed for special applications. Ratings and characteristics data for these types differ 
in some aspects from the standardized data for A- and B-series types. Refer to RCA data bulletin on 
these types for specific differences. Data bulletin file numbers are shown on functional diagrams. 









Function Selection Chart 


No. Of 


Function 

Type No. 

Pins 

Multivibrators (cont’d) 

Flip-Flops 

Hex “D” 

CD40174B 

16 

4-bit “D” with 3-state outputs 

CD4076B 

14 

Latches 

Quad clocked “D” 

CD4042B 

16 


CD4042A 

16 

Quad NOR R/S (3-state outputs) 

CD4043B 

16 


CD4043A 

16 

Quad NAND R/S (3-state outputs) 

CD4044B 

16 


CD4044A 

16 

Dual 4-bit 

CD4508B 

24 

8-bit addressable 

CD4099B 

16 

Registers 

CD4724B 

16 

Shift Registers-Static 

Dual 4-stage with serial input/ 
parallel output- 

CD4015B 

16 


CD4015A 

16 

1 8-stage 

CD4006B 

14 

CD4006A 

14 

64-stage 

CD4031B 

16 

CD4031A 

16 

Dual 64-bit 

CD4517B 

16 

8-stage with synchronous parallel 
or serial input/serial output 

CD4014B 

16 

CD4014A 

16 

8-stage with asynchronous parallel 
input or synchronous serial 
input/serial output 

CD4021B 

16 


CD4021A 

16 

4-stage parallel-in/parallel-out with 
J-K input and true/complement 
output 

CD4035B 

16 


CD4035A 

16 

4-bit universal bidirectional 
with 3-state outputs 

CD40104B 

16 

4-bit universal bidirectional 
with asynchronous master reset 

CD40194B 

16 

8-stage bidirectional parallel dr 
serial input/parallel output 

CD4034B 

24 


CD4034A 

24 

32-bit left/right 

CD40100B 

16 

8-stage shift-and-store bus 

CD4094B 

16 

Shift Registers-Dynamic 



200-stage 

CD40S2A 

12 

Storage Registers 

8-bit addressable latch 

CD4099B 

16 


CD4724B 

16 

4-bit “D”-type with 3-state outputs 

CD4076B 

16 

4X4 Multiport 

CD40108B 

24 

4X4 Multiport 

CD40208B 

24 

FIFO Buffer Registers 

4-bit X 16 word 

CD40105B 

16 

Counters 

Binary Ripple 

7-stage 

CD4024B 

14 

CD4024A 

14 

12-stage 

CD4040B 

16 


CD4040A 

16 

1 4-stage 

CD4020B 

16 


CD4020A 

16 


Function 

Type No. 

No. of 
Pins 

Counters (cont’d) 

Binary Ripple 

14-stage counter/divider and 



oscillator 

CD4060B 

16 

Timers 

C04060A 

16 

21 -stage 

CD4045B 

14 


CD4045A 

14 

Programmable 

Synchronous 

Decade counter/divider plus 10 

CD4536B 

16 

decoded decimal outputs 

CD4017B 

16 

Divide-by-8 counter/divider with 

CD4017A 

16 

8 decimal outputs 

CD4022B 

16 

Presettable divide-by-“N” counter, 

CD4022A 

16 

fixed or programmable 

CD4018B 

16 

Programmable-divide-by-“N” 

CD4018A 

16 

counter 

Presettable up/down counter, 

CD4059A 

24 

binary or BCD-decade 

CD4029B 

16 

Presettable 4-bit BCD up/down 

CD4029A 

16 

counter 

Presettable 4-bit binary up/down 

CD4510B 

16 

counter 

Presettable 2-decade BCD down 

CD4516B 

16 

counter 

Presettable 8-bit binary down 

CD40102B 

16 

counter 

Presettable 4-bit BCD up/down 

CD40103B 

16 

counter 

Presettable 4-bit binary up/down 

CD40192B 

16 

counter 

CD40193B 

16 

Dual BCD up counter 

CD4518B 

16 

Dual binary up counter 

CD4520B 

16 

Decade counter/asynchronous clear CD40160B 

16 

Binary counter/asynchronous clear 

CD40161B 

16 

Decade counter/synchronous clear 

CD40162B 

16 

Binary counter/synchronous clear 

Display Drivers 

With Counter 

Decade counter/divider with 7- 
segment display outputs and 

CD40163B 

16 

display enable , 

CD4026B 

16 

Decade counter /divider with 7- 
segment display outputs and 

CD4026A 

16 

ripple blanking 

CD4033B 

16 

Up/Down Counter-Latch- 

CD4033A 

16 

Decoder-Driver 

For Liquid-Crystal-Display Drive 

CD40110B 

16 

4-segment display driver 
BCD-to-7-segment decoder/driver 

CD4054B 

16 

with “display-frequency” output 
BCD-to-7-segment decoder/driver 

CD4055B 

16 

with strobed-latch function 

4-digit decoder/driver with 

CD4056B 

16 

hexidecimal display 

CD22104 V 

40 










Function Selection Chart 


No. of 


Function 


Type No. 


Pins 


Function 


Type No. 


No. of 
Pins 


Display Drivers (cont’d) 

For Liquid-Crystal-Display Drive 

4-digit decoder/driver with 


decimal display 

4-digit decoder/driver with 

CD22104A V 

40 

hexidecimal display 

4-digit decoder/driver with 

CD22105 V 

40 

decimal display 

CD22105A V 

40 

For Light-Emitting-Diode Drive 

BCD-to-7-segment latch decoder/ 



driver 

CD4511B 

16 

Multiplexers/Demultiplexers 



Analog 

Triple 2-channel 

CD4053B 

16 

Differential 4-channel 

CD4052B 

16 

Single 8-channel 

CD4051B 

16 

Differential 8-channel 

CD4097B 

24 

Single 16-channel 

CD4067B 

24 

Quad bilateral switch 

CD4016B 

14 


CD4016A 

14 

Quad bilateral switch 

CD4066B 

14 


CD4066A 

14 

Digital (Data Selectors) 

Quad AND/OR select 

CD4019B 

16 


CD4019A 

16 

Dual 1-of-4 decoder/demultiplexer 
(outputs high) 

Dual 1 -of-4 decoder/demultiplexer 

CD4555B 

16 

(outputs low) 

CD4556B 

16 

Quad 2-line-to-1 -line 

CD40257B 

16 

8-channel 

CD4512B 

16 

Phase-Locked Loop 

Micropower 

CD4046B 

16 


CD4046A 

16 

Arithmetic Circuits 



Adders/Comparators 

4-bit full adder with parallel carry 



out 

CD4008B 

16 


CD4008A 

16 

Triple serial adder, positive logic 

CD4032B 

16 


CD4032A 

16 


Arithmetic Circuits (Cont’d) 

Adders/Comparators 


Triple serial adder, negative logic 

CD4038B 

16 


CD4038A 

16 

4-bit magnitude comparator 

CD4063B 

16 


CD4585B 

16 

Quad exclusive-OR gate 

CD4030B 

14 


CD4030A 

14 

Quad exclusive-OR gate 

CD4070B 

14 

Quad exclusive-NOR gate 

CD4077B 

14 

ALU/Rate Multipliers 

4-bit arithmetic logic unit 

CD40181B 

24 


CD4057A 

28 

BCD rate multiplier 

CD4527B 

16 

Binary rate multiplier 

CD4089B 

16 

Look-ahead-carry block 

CD40182B 

16 

Parity Generator/Checker 

9-bit 

CD40101B 

14 

Multiport Register 

4X4 

CD40108B 

24 

4X4 

CD40208B 

24 

8 X 1 

CD4034B 

24 

8 X 1 

CD4034A 

24 

Quad Bilateral Switches 

For transmission or multiplexing of 

CD4016B 

14 

analog or digital signals 

CD4016A 

14 


CD4066B 

14 

Telecommunication Circuits 

Crosspoint Switches 

4X4 crosspoint switch with 

CD4066A 

14 

control memory 

4X4X2 crosspoint switch with 

CD22100 V 

16 

control memory 

4X4X2 crosspoint switch with 

CD22101 V 

24 

control memory 

Tone Generator 

Dual-tone multifrequency 

CD22102 V 

24 

tone generator 

CD22859 V 

16 


v Indicates types designed for special applications. Ratings and characteristics' data for these types differ 
in some aspects from the standardized data for A- and B-series types. Refer to RCA data bulletin on 
these types for specific differences. Data bulletin file numbers are shown on functional diagrams. 





COS/MOS Microprocessor, Memory, and 
Timekeeping Circuits 

In addition to the logic and special-function integrated 
circuits listed in the preceding pages, RCA also offers a 
comprehensive and expanding line of COS/MOS 
microprocessor, memory, and timekeeping integrated 
circuits. 


The microprocessor and memory circuits include central- 
processing units (CPU’s), custom and standard read-only 
memories (ROM’s), programmable read-only memories 
(PROM’s), random-access memories (RAM’s), general- 
purpose memories, system expanders, input/ output 


Microprocessors 


CDP1802 

COSMAC 8-Bit CPU 

40 

CDP1804 

COSMAC 8-Bit Microcomputer 

40 

Standard ROM’s (Firmware) 


CDPR512 

UT4 Utility Program 

24 

CDPR522 

Microterminal Controller 

24 

CDPR582 

Fixed-Point Arithmetic 

24 

Custom ROM’s (Mask Programmable) 


CDP1831 

512x8 

24 

CDP1832 

512x8 

24 

CDP1833 

1024x8 

24 

CDP1834 

1024x8 

24 

EPROM’s 

CDP18U42 

256x8 UV Erasable 

24 

RAM’s 

CD4036A 

4x8 

24 

CD4039A 

4x8 

24 

CD4061A 

256x1 

16 

CD40061A 

256x1 

16 

CD40114B 

16x4 

16 

CDP1821 

1024X1 

16 

CDP1822 

256x4 

22 

CDP1823 

128x8 

24 

CDP1824 

32x8 

18 

CDP1825 

1024x4 

18 

MWS5101 

256X4 

22 

MWS5114 

1024x4 

18 

System Expanders 


CDP1856 

4-Bit Bus Buffer (For Memory) 

16 

CDP1857 

4-Bit Bus Buffer (For I/O) 

16 

CDP1858 

4-Bit Latch/Decoder (256x4 



Memory) 

16 

CDP1859 

4-Bit Latch/Decoder (lKx 1 



Memory) 

16 

CDP1866 

4-Bit Latch/Decoder (1 Kx4 



Memory) 

18 

CDP1867 

4-Bit Latch/Decoder (4K x 1 



Memory 

18 

CDP1868 

4-Bit Latch/Decoder (1 Kx4 



Memory, Latched Chip 

Enable) 

18 

General-Purpose I/O 


CDP1851 

Programmable I/O (20 Lines) 

40 

CDP1852 

Byte-Wide I/O (8 Lines) 

24 

CDP1853 

N Line Decoder 

16 

CDP1854A 

UART 

40 

CDP1855 

Multiply-Divide Unit 

28 


CDP1856 

4-Bit Bus Buffer (For Memory) 

16 

CDP1857 

4-Bit Bus Buffer (For I/O) 

16 

CDP1858 

4-Bit Latch/Decoder (256x4 



Memory) 

16 

CDP1859 

4-Bit Latch/Decoder (lKx 1 



Memory) 

16 

CDP1863 

Programmable Frequency 



Generator 

16 

CDP1866 

4-Bit Latch/Decoder (1 Kx4 



Memory) 

18 

CDP1867 

4-Bit Latch/Decoder (4K x 1 



Memory) 

18 

CDP1868 

4-Bit Latch/Decoder (1 Kx 4 
Memory, Latched Chip 



Enable) 

18 

CDP1872 

High-Speed 8-Bit Input Port 



(1873 Compatible) 

22 

CDP1873 

High-Speed 1 of 8 Decoder 



(8205 Pinout) 

16 

CDP1874 

High-Speed 8-Bit Input Port 



(1853 Compatible) 

22 

CDP1875 

High-Speed 8-Bit Output Port 

22 


Special-Purpose I/O 


CDP1861 

Video Display Controller 

24 

CDP1862 

Color Generator Controller 

24 

CDP1864 

PAL Video Controller 

40 

CDP1869 

VIS Address Plus Sound 



Generator 

40 

CDP1870 

VIS Color Video Generator 

40 

CDP1871 

VIS Compatible Keyboard 



Encoder 

40 

CDP1876 

VIS Color Video Generator 



(RGB Bondout) 

40 


COSMAC Microboard Computer Systems 

Single-Board Computers 
Memory Boards 
I/O Expansion Boards 
Prototyping Systems 
System Development Aids 

COSMAC Development and Support Systems 

Development, Prototyping and Evaluation Systems 
System Support Components 
System Support Software 
System Support Modules 


COS/MOS Microprocessor and Memory Products 


No. of Pins 


No. of Pins 


General-Purpose I/O 




(I/O) circuits, COSMAC microboard computer systems 
and COSMAC development and support systems. 

For descriptive information on RCA microprocessor and 
memory circuits, refer to the RCA “COSMAC 
Microprocessor Product Guide”, MPG-108B; to the 
RCA technical data bulletins on specific types; or to the 
RCA DATABOOK “COS/MOS Memories, 
Microprocessors, and Support Systems”, SSD-260. 

The timekeeping circuits include standard “off-the-shelf” 
circuits for watches and auto clocks. Plus a custom design 


COS/MOS Microprocessor, Memory, and 
Timekeeping Circuits 

capability to tailor these products to meet specific 
requirements. The watch products include LCD display 
circuits from 3Vi to 6 digits and from 5 to 6 functions with 
additional features such as stopwatch and alarm. The 
auto clocks are stepping-motor-drive clock circuits, 2-, 3-, 
and 4-MHz crystal-operated. 

For descriptive information on RCA timekeeping 
circuits, refer to the RCA technical data bulletins on 
specific types. 


COS/MOS Timekeeping Products 


Function 

Type No. 

No. of 

Pins 

Function 

Type No. 

No. of 
Pins 

Timekeeping 






Watches 



Auto Clocks 



3V2 Digit 



Quartz analog auto clock 


5 function LCD watch with 



(0.5-Hz push-pull) 

CD22012 

14 

stopwatch 

CD22003 

Chip 

Quartz analog auto clock 


4 Digit 



(60-Hz) 

CD22014 

8 

6 function LCD watch with 



Quartz analog auto clock 


alarm 

CD22007V2 

Chip 

(30-Hz push-pull) 

CD22015 

12 


6 Digit 

6 function LCD watch with 
stopwatch CD22008V1 Chip 

6 function LCD watch with 
alarm CD22018 Chip 







COS/MOS 1C Packages 


F Suffix 

Frit-Seal Ceramic Dual- In- Line Packages 



E Suffix 

Plastic Dual-ln-Line Packages 


T Suffix 

12- Lead TO-5 Style Package 



CD4024A and CD4062A only 


Ordering Information 


Most RCA COS/MOS integrated circuits are available in the 
following package styles and are identified by the Suffix 
Letters indicated below: dual-in-line ceramic, dual-in-line 
frit-seal ceramic, dual-in-line plastic, and in chip form. 
Some types are only available in one or two package 
styles. The available package styles for any specific type 
are given in the technical data for that type. 

When ordering COS/MOS devices, it is important that the 
appropriate suffix letter be affixed to the type number of 
the device required. For example, a CD4016B in a dual-in- 
line ceramic package will be identified as the CD4016BD. 


H Suffix 
COS/MOS Chip 











Functional Diagrams 




Dual 3-Input NOR Gate 
Plus Inverter 


CD4000A 

CD4000B 

CD4000UB 


(Page 442) 
(Page 50) 
(Page 54) 


— — 1 

J = A+B 

M = 

G + H 

^h 1 


K = C+D 

L_ 



Uzr i 




Quad 2-Input NOR Gate 


CD4001A 

CD4001B 

CD4001UB 


(Page 442) 
(Page 50) 
(Page 54) 



92CS- 24758 

Quad 4-Input NOR Gate 


CD4002A 

CD4002B 

CD4002UB 


(Page 442) 
(Page 50) 
(Page 54) 



18-Stage Static Shift 
Register 


CD4006A 

CD4006B 


(Page 445) 
(Page 58) 



Dual Complementary Pair 
Plus Inverter 


CD4007A 

CD4007UB 


(Page 448) 
(Page 62) 


(high SPEED (CARRY- 14^^ 
Ipar. CARRY "out) ^ 0 


(CARRY IN) 

9?CS- ? 5 > 

4-Bit Full Adder with 
Parallel Carry Out 


CD4008A 

CD4008B 


(Page 451) 
(Page 66) 





92CS-24763 92CS-24759 

^ND Gate Dual 4-Input NAND Gate 

(Page 456) CD4012A (Page 456) 

(Page 74) CD4012B (Page 74) 

(Page 78) CD4012UB (Page 78) 


925S-4I40R2 

Hex Buffer/Converter 
Inverting Type 


CD4009A 

CD4009UB 


(Page 453) 
(Page 70) 



Dual "D" Flip-Flop with 
Set/Reset Capability 
CD4013A (Page 459) 

CD4013B (Page 82) 


V CC _L_ 

V SS — - — V DD :|6 
NC =13 

92CS-27507 

Hex Buffer/Converter 
Non-Inverting Type 


CD4010A 

CD4010B 


(Page 453) 
(Page 70) 



• 2CS-25047 * 8 

Vss 

8-Stage Synchronous Shift 
Register with Parallel or 
Serial Input/Serial Output 
CD4014A (Page 462) 

CD4014B (Page 86) 


3 


BUFFERED OUT. 















Functional Diagrams 
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Dual 4-Stage Static Shift Register 
with Serial Input/Parallel Output 
CD4015A (Page 464) 

CD4015B (Page 91) 


1 


l 

1 ' 

1 

1 

1 

l 

1 

D 4 =(A 4 K a )^(B 4 K b ) 


' v ss 

92CS-25036 


Quad AND/OR Select Gate 


CD4019A 

CD4019B 


(Page 478) 
(Page 110) 


| J = A • B • C | 

92CS- 24761 

Triple 3-Input NAND Gate 


CD4023A 

CD4023B 

CD4023UB 


(Page 456) 
(page 74) 
(Page 78) 


v S s “ 

92CS-2I627 



Quad Bilateral Switch 


CD4016A 

CD4016B 


(Page 324) 
(Page 95) 



14-Stage Binary Ripple Counter 

CD4020 (Page 480) 

CD4020B (Page 114) 




-C NC = 8,10, 13 


VSS f 

92CS-25051R3 

7-Stage Ripple-Carry 
Binary Counter/Divider 
CD4024A (Page 489) 

CD4024B (Page 114) 



Decade Counter/Divider with 
10 Decoded Decimal Outputs 
CD4017A (Page 471) 

CD4017B (Page 100) 


8-Stage Static Shift Register 
Asynchronous Parallel or 
Synchronous Serial Input/ 
Serial Output 


CD4021A 

CD4021B 


(Page 483) 
(Page 86) 


JAM Vnn 
INPUTS 


2 » 4 » 

"f "3" "5" 

k |3|7 I9I12I6 


PRESET 10 

ENABLE-H 


92CS- 2507 4 VSS | 

Presettable Divide-by-"N" 
Counter Fixed or Programmable 

CD4018A (Page 475) 

CD4018B (Page 105) 



CLOCK <3 
INHIBIT 

15 

RESET 


— Q6 0 
12 Q 7 £ 



92CS-25073R2 

Divide-by-8 Counter/Divider with 
8 Decoded Decimal Outputs 


CD4022A 

CD4022B 


(Page 486) 
(Page 100) 




1.0 

5 CARRYOUT 


V SS 92CS- 25078RI 

Decade Counter/Divider with 7- 
Segment Display Outputs and 
Display Enable 

CD4026A (Page 492) 

CD4026B (Page 118) 


DECODED OUT, 















Functional Diagrams 



DATA I 5 
IN 

MODE JO. CONTROL 
CONT LOGIC — S' 

RECIRC . 

DATA 2 — 

IN L - 

CLOCK jJ CL 

IN CLOCK — 

LOGIC CL 


V DD ° UUI 

V SS = 8 

NC = 3,4,11,12,13.14 


STAGES DATA 

1 OUT 


64-Stage Static Shift 
Register 



BCD-to-Decimal Decoder 


CD4028A 

CD4028B 


A, JO 

B|J 7 

INVERT | — 


(Page 499) 
(Page 128) 



Triple Serial Adder 
Positive Logic 




CD4031A 

CD4031B 


(Page 507) 
(Page 141) 


CD4032A 

CD4032B 


(Page 510) 
(Page 146) 


Decade Counter/Divider 
with 7-Segment Display 
Outputs and Ripple Blanking 

CD4033A (Page 492) 

CD4033B (Page 118) 



J = A©B L=E©F 
K s C©D M= G©H 


Quad Exclusive-OR Gate 


CD4030A 

CD4030B 


(Page 505) 
(Page 138) 



8-Stage Static Bidirectional 
Parallel/Serial Input/Output 
Bus Register 

CD4034A (Page 513) 

CD4034B (Page 150) 



T/C OUT 

9?C5-'9966RI 


4-Stage Parallel In/Parallel 
Out Shift Register with 
J-K Serial Inputs and True/ 
Complement Outputs 


CD4035A 

CD4035B 


(Page 517) 
(Page 156) 



o,/6, 0^62 Q3/Q3 Q4/O4 


AND/OR PAIR 

zir rr::~ 

ANO/OR PAIR 


Triple AND/OR Bi -Phase 
Pair 


B2 

INVERT 2 



Triple Serial Adder 
Negative Logic 


CD4038A 

CD4038B 


(Page 510) 
(Page 146) 



12-Stage Ripple-Carry Binary 
Counter/Divider 


CD4040A 

CD4040B 


(Page 522) 
(Page 114) 


5 























Functional Diagrams 






SS N. 12 

Vdd’K M> ^ 1 

92CS- 20034 Rl 

Quad True/Complement 
Buffer 


CD4041 A 
CD4041UB 


(Page 525) 
(Page 161) 




POLARITY •— d NT* ^ 

60 — * — J 

V dd q1! L 92CS- 20191 

v ssO^~ 

Quad Clocked "D" Latch 
CD4042A (Page 529) 

CD4042B (Page 164) 


LATCH I 10^ - 


U1HDLL 92CS-2022IRI 

Vss 

Quad 3-State NOR R/S 
Latch 

CD4043A (Page 532) 

CD4043B (Page 168) 



m |_Q_ p w Or 

STAGE 

RIPPLE -| , 

-COUNTER OJ p. W [Or 


4,5,6,9.10.11,12,13 = 
NO CONNECTION 


21 -Stage Counter 

CD4045A (Page 535) 

CD4045B (Page 172) 



PHASE COMP I OUT 

° 

PHASE COMP H OUT 


PHASE PULSES R5< 
VCO IN \ 


1 1 DEMODULATOR 

0UT 


VSS (8) ^ZENER * V SS •*» - 29.72 

Micropower Phase-Locked Loop 


CD4046A 

CD4046B 


(Page 538) 
(Page 176) 



BINARY CONTROL INPUTS 
FUNCTION CONTROL 
K n Kh K r K ri A' 


— £ K 3- STATE 

,Q * 6 / CONTROL 


v > 4—14 

5 8- 13 

| C- 12 

D- II 


Multi-Function Expandable 
8-lnpu* Gate 


V S S — 

NC = 13 

NC * 16 92CS-27506 

Hex Buffer/Converter 
Inverting Type 


CD4048A 

CD4048B 


(Page 549) 
(Page 189) 


CD4049A 

CD4049UB 


(Page 554) 
(Page 194) 














Functional Diagrams 



IN/OUT 

IN/OUT 


IN/OUT 


(Page 194) 




Triple 2-Channel 
Multiplexer/Demultiplexer 

CD4053B (Page 198) 



BCD -to -7 -Segment Decoder/Driver 
with "Display-Frequency" Output 


Liquid-Crystal Display Driver 

CD4055B (Page 205) 


4-Segment Liquid-Crystal 
Display Driver 

CD4054B (Page 205) 



BCD-to-7-Segment Decoder/Driver 
with Strobed-Latch Function 
Liquid-Crystal Display Driver 

CD4056B (Page 205) 











Functional Diagrams 











Functional Diagrams 


J = AB C D EF G H 
I K 'A B'C D E F-G 'H 


6.0« NO CONNECTION 

92CS - 23874H3 



DATA INPUT 
DISABLE 
Gl G2 


91 101 

LI 

1 1 ,21 





L 



4D-TVPE 


j-crfo- 

r-<rK- 



flip/flcps 

WITH 

AND-OR 



1 

-ofo- 

-o-Tcy- 


LOGIC 


-<rK- 







j=A@B M=G©H 
K =C©D L =E©F 


J =A + B+C+D+E-FF+G + H 
] K = A+B+-C + DFE+F4G+H 
6, 8 s NC 


1*5 Vg 5 s 8 

RESET Vqd = IG 

92CS-24085RI 


4-Bit D-Type Register 

CD4076B (Page 246) 


Quad Exclusive-NOR Gate 
CD4077B (Page 235) 


8-Input NOR/OR Gate 

CD4078B (Page 250) 


9 











Functional Diagrams 



Quad 2-Input AND Gate 
CD4081B (Page 242) 




J * INH + ENABLE + AB+CO* EF + GH 92CS- 23870RI 

Expandable 4 -Wide, 2-Input 
AND-OR-INVERT (AOI) 


DATA 2 ' 
CLOCK 3 


8-STAGE 

SHIFT 

REGISTER 


8-BIT 

STORAGE 

REGISTER 


OUTPUT 

ENABLE 15 3-STATE 
OUTPUTS 


PARALLEL OUTPUTS QI-Q8 

(TERMINALS 4, 5, 6, 7, 14, 13, 12, II, 
RESPECTIVELY) 

92CS- 24564RI 

8-Stage Shift-and-Store 
Bus Register 

CD4094B (Page 270) 


_3 

4 

— vl 

s 

_5 

r 

J 0 

12 


PI 

jj 



10 

V 

_ 

9 

n 

K Q 

R 


ET I V DD = 14 

V SS = 7 
NC = I 

92CS-24427RI 

Gated J-K Master-Slave 
Flip-Flop, Non-Inverting 
Inputs 




E = INHIBIT + AB+CD 
' DD =I4 LOGIC I * HIGH 

, ss = 7 LOGIC 0= LOW 

92CS-23890R2 

Dual 2-Wide, 2-Input 
AND-OR-INVERT (AOI) 

Gate 


RATE kOUTi 
SELECT _ . 

LOGIC LOUT' 


^ OUT 
■ INHIBIT (CARRY) OUT 


Binary Rate Multiplier 
CD4089B (Page 261) 



w 7 

M= G-H 

8 £ 

v ss — 



( 

92CS - 2 3880 

3uad 2-Input NAND 


Schmitt Trigger 


CD4093B (Page 266) 




Gated J-K Master-Slave 
Flip-Flop, Inverting and 
Non-Inverting Inputs 

CD4096B (Page 274) 
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Vqd =24 

Vss= 12 92CS-249I 

Differential 8-Channel 
Multiplexer/Demultiplexer 

CD4097B (Page 223) 


I 2 RxCxd) 


1 — 1 — 1 — 1 




-o 

MONO| 

— 





— 

-0 

mono 2 

— 

1 1 1 1 


15] 141 R X Cx(2) 

C X 2 r X2 VDD 

92CS- 24253 

Dual Monostable 
Multivibrator 

CD4098B (Page 278) 


WRITE DISABLE • 
DATA 


8-Bit Addressable Latch 
CD4099B (Page 283) 


THREE-STATE 
OUTPUT 4 
DISABLE 
INHIBIT — 

D.-i 





l6 = VDD 8 = VSS 92CS -32392RI 


Strobed Hex Inverter /Buffer 


Hex Buffer 
3-State Non-Inverting 
3D4503B (Page 290) 


Dual 4-Bit Latch 

CD4508B (Page 293) 



CARRY OUT 

92CS-24824 


BCD 

INPUTS LT 


7-SEGMENT 

OUTPUTS 



3- STATE DISABLE - 
INHIBIT 


Dl - 2 - 
D2-3 - 
CHANNEL/ 03 — 4 - 
INPUTS \d4-5- 
03-6 - 
06- 7 - 
D7- 9 - 


BCD Presettable Up/Down 
Counter 


BCD-to-7 -Segment 
Latch Decoder Driver 

451 IB (Page 302) 


8-Channel Data Selector 
CD4512B (Page 307) 
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4-Bit Latch/4-to-16 
Line Decoder 



451 4B (Page 310) 

Output "High" on Select 


Binary Presettable Up/Down 
Counter 

CD4516B (Page 297) 


7{ -v 64 -BIT _ 

DATAtDDO- 022 SHIFT 

WRITE ^303) REGISTER 

enableO— 

I(I5)J^ 6(10)^ 2(14)^ 5(1 l)j^ 

WE* 0— QI6 Q32 Q48 — Q64 

WE* I 017 033 — D49-— HiZ 

I OF 2 SHIFT REGISTERS. TERM. No*. 

IN PARENTHESES ARE FOR 2 NO HALF 

V DD' 16 V SS“8 


Dual 64-Bit Shift Register 
:D4517B (Page 314) 


Output "Low" on Select 


p^qia 

&Q2A 



iESETB 1 H 1 V DD-'^ 

,5 1 V SS= 8 

92CS-24506RI 

Dual Up Counter 

CD4518B (Page 319) 

BCD 

CD4520B (Page 319) 

Binary 


BCD Rate Multiplier 




Dual Precision Monostable 
Multivibrator 




v ss 

92CS -229I8RI 


Dual Binary-to-1-of-4 
Decoder/Demultiplexer 
Output "High" on Select 
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j A>B 

CASCADING-] A = B 



V SS 0 
92CS-30375 


Dual Binary-to-1-of-4 
Decoder/Demultiplexer 
Output "Low" on Select 


4- Bit Magnitude Comparator 

CD4585B (Page 349) 




4-by-4 Crosspoint Switch 
with Control Memory 

CD22100 (Page 58 
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w ' I WORD A 
Q2 f OUTPUT 


w I WORD B 
Q 2 f OUTPUT 


V DD* 24 CLOCK 3 -STATE B 

v ss 112 


4-by-4 Multiport Register 


INPUT 

3,6,10,14 O- — LEVEL r 
SHIFT 


I OF 4 ' 

INDEPENDENTLY ENABLED 
LEVEL SHIFTERS 


ENABLE 

2,7,9,15 O 


OUTPUT 

> — o 4,5,11,13 
I — v 0D 



Quad Low-to-High 
Voltage Level Shifter 

0109B (Page 396) 


Decade Up-Down Counter/ 
Decoder/ Latch/Driver 


LEVEL til 
SHIFTER 1 OUTON) 



8-Bit Universal Bidirectional 
CMOS/TTL Level Converter 
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DISABLE 



13 i4 



CMOS 

N-, 

TTL 

IN (OUT) lx 

/Ik 


0UT(IN) 

w" 

•( 

p 

2-9 

X LEVEL 


ENABLE 1 

v SHIFTER 


10 



V DD =I 

V C c=22 

Vss = **• 12 

92CS-32569RI 


8-Bit Universal Bidirectional 

CMOS/TTL Level Converter 

CD40116 

(Page 601 ) 



7 


14 

10 



1 


13 

9 J 



2 


12 

3_ 



4_ 


II 

5_ 



6_ 
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10-Line-to-4-Line 
BCD Priority Encoder 

0147B (Page 405) 


92CS - 28 62 8RI 

Synchronous 4-Bit Counter 



CD40162B (Page 408) 

Decade with Synchronous Clear 
CD40163B (Page 408) 

Binary with Synchronous Clear 


CD40160B (Page 408) 

Decade with Asynchronous Clear 
CD40161 B (Page 408) 

Binary with Asynchronous Clear 



I7G S LOOK 
. - L AHEAD 

i* LJ CARRY 

' OUTPUTS 



4-Bit Arithmetic Logic Unit 

Active-Low Data Active-High Data 

CD40181 B (Page 419) 


-±Q 


-k: 

14 0 



12 


II 


9 

__2_c 




-Sc 

^7 

C n 13 

02- 


clock up - 

CLOCK DOWN - 


-Uo. 

— 02 
^ 03 
— 04 
— BORROW 
— CARRY 


Presettable Up/Down Counter 
(Dual Clock with Reset) 



Look-Ahead Carry Generator 

CD40182B (Page 424) 


CD40192B (Page 428) 

BCD 

CD40193B (Page 428) 

Binary 


4-Bit Universal Bidirectional Shift 
Register with Asynchronous Master Reset 
CD40194B (Page 372) 
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WRITE 

ENABLE ENABLE A 



I WORO A 
Q2 f OUTPUT 


V DD‘ 24 CLOCK ENABLES 
V S S*<2 

4-by-4 Multiport Register 



Quad 2-Line-to-1-Line 
Data Selector/Multiplexer 

3D40257B (Page 438) 








Cross-Reference Guide 


This directory provides a quick reference to a wide variety of industry CMOS logic 
integrated circuits that can be replaced by RCA types. 

The RCA types listed as replacements are electrically and mechanically equivalent to 
the corresponding industry types and can be used as direct replacements in most 
applications. The recommendations are based on the electrical and mechanical data 
published by various solid-state device manufacturers. 

Before substituting any replacement type in a particular application, the user should 
review the operating conditions of the particular application with the specifications of 
the type he is planning to use as the substitute type. 


Industry 

Type 

RCA 

Replacement 

Type 

CD4000CN 

CD4000AE 

CD4000MD 

CD4000AD 

CD4000MJ 

CD4000AF 

CD4001 BCJ 

CD4001 BF 

CD4001BCN 

CD4001 BE 

CD4001BDM 

CD4001BD 

CD4001BMD 

CD4001BD 

CD4001BMJ 

CD4001BF 

CD4001BPC 

CD4001 BE 

CD4002BDM 

CD4002BD 

CD4002BPC 

CD4002BE 

CD4002CN 

CD4002AE 

CD4002MD 

CD4002AD 

CD4002MJ 

CD4002AF 

CD4006BDM 

CD4006BD 

CD4006BPC 

CD4006BE 

CD4006CN 

CD4006AE 

CD4006MD 

CD4006AD 

CD4006MJ 

CD4006AF 

CD4007CN 

CD4007AE 

CD4007MD 

CD4007AD 

CD4007MJ 

CD4007AF 

CD4007UBDM 

CD4007UBD 

CD4007UBPC 

CD4007UBE 

CD4008BCJ 

CD4008BF 

CD4008BCN 

CD4008BE 

CD4008BDM 

CD4008BD 

CD4008BMD 

CD4008BD 

CD4008BMJ 

CD4008BF 

CD4008BPC 

CD4008BE 

CD4009CN 

CD4009AE 

CD4009MD 

CD4009AD 

CD4009MJ 

CD4009AF 

CD4010CN 

CD4010AE 

CD4010MD 

CD4010AD 

CD4010MJ 

CD4010AF 

CD4011BCJ 

CD4011BF 

CD4011BCN 

CD401 1 BE 

CD4011BDM 

CD4011BD 

CD4011BMD 

CD4011BD 
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Industry 

Type 

RCA 

Replacement 

Type 

CD4011BMJ 

CD4011BF 

CD4011BPC 

CD401 1 BE 

CD4012BDM 

CD4012BD 

CD4012BPC 

CD4012BE 

CD4012CN 

CD4012AE 

CD4012MD 

CD4012AD 

CD4012MJ 

CD4012AF 

CD4013BCJ 

CD4013BF 

CD4013BCN 

CD4013BE 

CD4013BDM 

CD4013BD 

CD4013BMD 

CD4013BD 

CD4013BMJ 

CD4013BF 

CD4013BPC 

CD4013BE 

CD4014BDM 

CD4014BD 

CD4014BPC 

CD4014BE 

CD4014CN 

CD4014AE 

CD4014MD 

CD4014AD 

CD4014MJ 

CD4014AF 

CD4015BDM 

CD4015BD 

CD4015BPC 

CD4015BE 

C4015CN 

CD4015AE 

CD4015MD 

CD4015AD 

CD4015MJ 

CD4015AF 

CD4016BDM 

CD4016BD 

CD4016BPC 

CD4016BE 

CD4016CN 

CD4016AE 

CD4016MD 

CD4016AD 

CD4016MJ 

CD4016AF 

CD4017BCJ 

CD4017BF 

CD4017BCN 

CD4017BE 

CD4017BDM 

CD4017BD 

CD4017BMD 

CD4017BD 

CD4017BMJ 

CD4017BF 

CD4017BPC 

CD4017BE 

CD4018BCJ 

CD4018BF 

CD4018BCN 

CD4018BE 

CD4018BDM 

CD4018BD 

CD4018BMD 

CD4018BD 

CD4018BMJ 

CD4018BF 

CD4018BPC 

CD4018BE 


Industry 

Type 

RCA 

Replacement 

Type 

CD4019BCJ 

CD4019BF 

CD4019BCN 

CD4019BE 

CD4019BDM 

CD4019BD 

CD4019BMD 

CD4019BD 

CD4019BMJ 

CD4019BF 

CD4019BPC 

CD4019BE 

CD4020BCJ 

CD4020BF 

CD4020BCN 

CD4020BE 

CD4020BDM 

CD4020BD 

CD4020BMD 

CD4020BD 

CD4020BMJ 

CD4020BF 

CD4020BPC 

. CD4020BE 

CD4021 BDM 

CD4021 BD 

CD4021BPC 

CD4021 BE 

CD4021 CN 

CD4021AE 

CD4021MD 

CD4021AD 

CD4021MJ 

CD4021AF 

CD4022BCJ 

CD4022BF 

CD4022BCN 

CD4022BE 

CD4022BDM 

CD4022BD 

CD4022BMD 

CD4022BD 

CD4022BMJ 

CD4022BF 

CD4022BPC 

CD4022BE 

CD4023BCJ 

CD4023BF 

CD4023BCN 

CD4022BE 

CD4023BDM 

CD4023BD 

CD4023BMD 

CD4023BD 

CD4023BMJ 

CD4023BF 

CD4023BPC 

CD4023BE 

CD4023CN 

CD4023AE 

CD4023MD 

CD4023AD 

CD4023MJ 

CD4023AF 

CD4024BCJ 

CD4024BF 

CD4024BCN 

CD4024BE 

CD4024BDM 

CD4024BD 

CD4024BMD 

CD4024BD 

CD4024BMJ 

CD4024BF 

CD4024BPC 

CD4024BE 

CD4025BCJ 

CD4025BF 

CD4025BCN 

CD4025BE 
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Industry 

Type 

RCA 

Replacement 

Type 

CD4069CN 

CD4069AE 

CD4069MD 

CD4069AD 

CD4069MJ 

CD4069AF 

CD4069UBDM 

CD4069UBD 

CD4069UBPC 

CD4069UBE 

CD4070BCJ 

CD4070BF 

CD4070BCN 

CD4070BE 

- CD4070BDM 

CD4070BD 

CD4070BMJ 

CD4070BF 

CD4070BPC 

CD4070BE 1 

CD4070CN 

CD4070AE 

CD4070MD 

CD4070AD 

CD4070MJ 

CD4070AF 

CD4071BCJ 

CD4071BF 

CD4071BCN 

CD4071 BE 

CD4071BDM 

CD4071BD 

CD4071BMD 

CD4071BD 

CD4071BMJ 

CD4071BD 

CD4071BPC 

CD4071 BE 

CD4072BDM 

CD4072BD 

CD4072BPC 

CD4072BE 

CD4073BCJ 

CD4073BF 

CD4073BCN 

CD4073BE 

CD4073BDM 

CD4073BD 

CD4073BMD 

CD4073BD 

CD4073BMJ 

CD4073BF 

CD4073BPC 

CD4073BE 

CD4075BCJ 

CD4075BF 

CD4075BCN 

CD4075BE 

CD4075BDM 

CD4075BD 

CD4075BMD 

CD4075BD 

CD4075BMJ 

CD4075BF 

CD4075BPC 

CD4075BE 

CD4076BCN 

CD4076BE 

CD4076BDM 

CD4076BD 

CD4076BMD 

CD4076BD 

CD4076BMJ 

CD4076BF 

CD4076BPC 

CD4076BE 

CD4077BDM 

CD4077BD 

CD4077BPC 

CD4077BE 

CD4078BMD 

CD4078BD 

CD4078BPC 

CD4078BE 

CD4081BGJ 

CD4081BF 

CD4081BCN 

CD4081 BE 

CD4081BDM 

CD4081BD 

CD4081BMD 

CD4081BD 

CD4081BMJ 

CD4081BF 

CD4082BDM 

CD4082BD 

CD4082BPC 

CD4082BE 

CD4085BDM 

CD4085BD 

CD4085BPC 

CD4085BE 

CD4086BDM 

CD4086BD 

CD4086BPC 

CD4086BE 

CD4089BCJ 

CD4089BF 

CD4089BCN 

CD4089BE 

CD4089BMD 

CD4089BD 

CD4089BMJ 

CD4089BF 

CD4093BCJ 

CD4093BF 

CD4093BCN 

CD4093BE 

CD4093BDM 

CD4093BD 

CD4093BMD 

CD4093BD 

CD4093BMJ 

CD4093BF 

CD4093BPC 

CD4093BE 

CD4099BCJ 

CD4099BF 

CD4099BCN 

CD4099BE 
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Industry 

Type 

RCA 

Replacement 

Type 

CD4025BDM 

CD4025BD 

CD4025BMD 

CD4025BD 

CD4025BMJ 

CD4025BF 

CD4025BPC 

CD4025BE 

CD4025CN 

CD4025AE 

CD4025MD 

CD4025AD 

CD4025MJ 

CD4025AF 

CD4027BCJ 

CD4027BF 

CD4027BCN 

CD4027BE 

CD4027BDM 

CD4027BD 

CD4027BMD 

CD4027BD 

CD4027BMJ 

CD4027BF 

CD4027BPC 

CD4027BE 

CD4028BCJ 

CD4028BF 

CD4028BCN 

CD4028BE 

CD4028BDM 

CD4028BD 

CD4028BMD 

CD4028BD 

CD4028BMJ 

CD4028BF 

CD4028BPC 

CD4028BE 

CD4029BCJ 

CD4029BF 

CD4029BCN 

CD4029BE 

CD4029BDM 

CD4029BD 

CD4029BMD 

CD4029BD 

CD4029BMJ 

CD4029BF 

CD4029BPC 

CD4029BE 

CD4030BDM 

CD4030BD 

CD4030BPC 

CD4030BE 

CD4030CN 

CD4030AE 

CD4030MD 

CD4030AD 

CD4030MJ 

CD4030AF 

CD4031BCN 

CD4031 BE 

CD4031BDM 

CD4031BD 

CD4031BMD 

CD4031BD 

CD4031BMJ 

CD4031BF 

CD4034BCN 

CD4034BE 

CD4034BDM 

CD4034BD 

CD4034BMD 

CD4034BD 

CD4034BMJ 

CD4034BF 

CD4034BPC 

CD4034BE 

CD4035BCN 

CD4035BE 

CD4035BDM 

CD4035BD 

CD4035BMD 

CD4035BD 

CD4035BMJ 

CD4035BF 

CD4035BPC 

CD4035BE 

CD4040BCJ 

CD4040BF 

CD4040BCN 

CD4040BE 

CD4040BDM 

CD4040BD 

CD4040BMD 

CD4040BD 

CD4040BMJ 

CD4040BF 

CD4040BPC 

CD4040BE 

CD4041BDM 

CD4041BD 

CD4041BPC 

CD4041 BE 

CD4041CN 

CD4041AE 

CD4041MD 

CD4041AD 

CD4041MJ 

CD4041AF 

CD4042BCJ 

CD4042BF 

CD4042BCN 

CD4042BE 

CD4042BDM 

CD4042BD 

CD4042BMD 

CD4042BD 

CD4042BMJ 

CD4042BF 

CD4042BPC 

CD4042BE 

CD4043BDM 

CD4043BD 

CD4043BPC 

CD4043BE 

CD4043CN 

CD4043AE 

CD4043MD 

CD4043AD 


Industry 

Type 

RCA 

Replacement 

Type 

CD4043MJ 

CD4043AF 

CD4044BDM 

CD4044BD 

CD4044BPC 

CD4044BE 

CD4044CN 

CD4044AE 

CD4044MD 

CD4044AD 

CD4044MJ 

CD4044AF 

CD4045BDM 

CD4045BD 

CD4045BPC 

CD4045BE 

CD4046BCN 

CD4046BE 

CD4046BDM 

CD4046BD 

CD4046BMD 

CD4046BD 

CD4046BMJ 

CD4046BF 

CD4046BPC 

CD4046BE 

CD4047BCN 

CD4047BE 

CD4047BDM 

CD4047BD 

CD4047BMD 

CD4047BD 

CD4047BMJ 

CD4047BF 

CD4047BPC 

CD4047BE 

CD4048BCJ 

CD4048BF 

CD4048BCN 

CD4048BE 

CD4048BMD 

CD4048BD 

CD4048BMJ 

CD4048BF 

CD4049BDM 

CD4049BD 

CD4049BPC 

CD4049BE 

CD4049CN 

CD4049AE 

CD4049MD 

CD4049AD 

CD4049MJ 

CD4049AF 

CD4050BCJ 

CD4050BF 

CD4050BCN 

CD4050BE 

CD4050BDM 

CD4050BD 

CD4050BMD 

CD4050BD 

CD4050BMJ 

CD4050BF 

CD4050BPC 

CD4050BE 

CD4051BCJ 

CD4051BF 

CD4051BCN 

CD4051 BE 

CD4051BDM 

CD4051BD 

CD4051BMD 

CD4051BD 

CD4051BMJ 

CD4051BF 

CD4051BPC 

CD4051 BE 

CD4052BCJ 

CD4052BF 

CD4052BCN 

CD4052BE 

CD4052BDM 

CD4052BD 

CD4052BMD 

CD4052BD 

CD4052BMJ 

CD4052BF 

CD4052BPC 

CD4052BE 

CD4053BCJ 

CD4053BF 

CD4053BCN 

CD4053BE 

CD4053BDM 

CD4053BD 

CD4053BMD 

CD4053BD 

CD4053BMJ 

CD4053BF 

CD4053BPC 

CD4053BE 

CD4060BCJ 

CD4060BF 

CD4060BCN 

CD4060BE 

CD4060BMD 

CD4060BD 

CD4060BMJ 

CD4060BF 

CD4066BCJ 

CD4066BF 

CD4066BCN 

CD4066BE 

CD4066BDM 

CD4066BD 

CD4066BMD 

CD4066BD 

CD4066BMJ 

CD4066BF 

CD4066BPC 

CD4066BE 

CD4067BDM 

CD4067BD 

CD4067BPC 

CD4067BE 

CD4068BDM 

CD4068BD 

CD4068BPC 

CD4068BE 
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Industry 

Type 

RCA 

Replacement 

Type 

CD4099BMD 

CD4099BD 

CD4099BMJ 

CD4099BF 

CD4510BCJ 

CD4510BF 

CD4510BCN 

CD4510BE 

CD4510BDM 

CD4510BD 

CD4510BMD 

CD4510BD 

CD4510BMJ 

CD4510BF 

CD4510BPC 

CD4510BE 

CD4511BCJ 

CD4511BF 

CD4511BCN 

CD4511 BE 

CD4511BDM 

CD4511BD 

CD4511BMD 

CD4511BD 

CD4511BMJ 

CD4511BF 

CD4511BPC 

CD4511BE 

CD4512BDM 

CD4512BD 

CD4512BPC 

CD4512BE 

CD4514BDM 

CD4514BD 

CD4514BPC 

CD4514BE 

CD4515BDM 

CD4515BD 

CD4515BPC 

CD4515BE 

CD4516BCJ 

CD4516BF 

CD4516BCN 

CD4516BE 

CD4516BDM 

CD4516BD 

CD4516BMD 

CD4516BD 

CD4516BMJ 

CD4516BF 

CD4516BPC 

CD4516BE 

CD4518BCJ 

CD4518BF 

CD4518BCN 

CD4518BE 

CD4518BDM 

CD4518BD 

CD4518BMD 

CD4518BD 

CD4518BMJ 

CD4518BF 

CD4518BPC 

CD4518BE 

CD4520BCJ 

CD4520BF 

CD4520BCN 

CD4520BE 

CD4520BDM 

CD4520BD 

CD4520BMD 

CD4520BD 

CD4520BMJ 

CD4520BF 

CD4520BPC 

CD4520BE 

CD4527BCJ 

CD4527BF 

CD4527BCN 

CD4527BE 

CD4527BDM 

CD4527BD 

CD4527BMD 

CD4527BD 

CD4527BMJ 

CD4527BF 

CD4527BPC 

CD4527BE 

CD4532BDM 

CD4532BD 

CD4532BPC 

CD4532BE 

CD4555BDM 

CD4555BD 

CD4555BPC 

CD4555BE 

CD4556BDM 

CD4556BD 

CD4556BPC 

CD4556BE 

CD4724BCJ 

CD4724BF 

CD4724BCN 

CD4724BE 

CD4724BMD 

CD4724BD 

CD4724BMJ 

CD4724BF 

CD40106BCJ 

CD40106BF 

CD40106BCN 

CD40106BE 

CD40106BMD 

CD40106BD 

CD40106BMJ 

CD40106BF 

CD40160BCJ 

CD40160BF 

CD40160BCN 

CD40106BE 

CD40160BDM 

CD40160BD 

CD40160BMD 

CD40160BD 

CD40160BMJ 

CD40160BF 

CD40160BPC 

CD40160BE 

CD40161 BCJ 

CD40161BF 


Industry 

Type 

RCA 

Replacement 

Type 

CD40161 BCN 

CD40161 BE 

CD40161 BMD 

CD40161 BD 

CD40161 BMJ 

CD40161 BF 

CD40161 BPC 

CD40161 BE 

CD40162BCJ 

CD40162BF 

CD40162BCN 

CD40162BE 

CD40162BDM 

CD40162BD 

CD40162BMD 

CD40162BD 

CD40162BMJ 

CD40162BF 

CD40162BPC 

CD40162BE 

CD40163BCJ 

CD40163BF 

CD40163BCN 

CD40163BE 

CD40163BDM 

CD40163BD 

CD40163BMD 

CD40163BD 

CD40163BMJ 

CD40163BF 

CD40163BPC 

CD40163BE 

CD40174BCN 

CD40174BE 

CD40174BDM 

CD40174BD 

CD40174BMD 

CD40174BD 

CD40174BMJ 

CD40174BF 

CD40174BPC 

CD40174BE 

CD40192BCJ 

CD40192BF 

CD40192BCN 

CD40192BE 

CD40192BMD 

CD40192BD 

CD40192BMJ 

CD40192BF 

CD40193BCJ 

CD40193BF 

CD40193BCN 

CD40193BE 

CD40193BMD 

CD40193BD 

CD40193BMJ 

CD40193BF 

F4001 DC 

CD4001BF 

F4001 PC 

CD4001 BE 

F4002DC 

CD4002BF 

F4002PC 

CD4002BE 

F4006DC 

CD4006BF 

F4006PC 

CD4006BE 

F4007DC 

CD4007BF 

F4007PC 

CD4007BE 

F4008DC 

CD4008BF 

F4008PC 

CD4008BE 

F4011DC 

CD4011BF 

F401 1 PC 

CD4011 BE 

F4012DC 

CD4012BF 

F4012PC 

CD4012BE 

F4013DC 

CD4013BF 

F4013PC 

CD4013BE 

F4014DC 

CD4014BF 

F4014PC 

CD4014BE 

F4015DC 

CD4015BF 

F4015PC 

CD4015BE 

F4016DC 

CD4016BF 

F4016PC 

CD4016BE 

F4017DC 

CD4017BF 

F4017PC 

CD4017BE 

F4018DC 

CD4018BF 

F4018PC 

CD4018BE 

F4019DC 

CD4019BF 

F4019PC 

CD4019BE 

F4020DC 

CD4020BF 

F4020PC 

CD4020BE 

F4022DC 

CD4022BF 

F4022PC 

CD4022BE 

F4023DC 

CD4023BF 

F4023PC 

CD4023BE 

F4024DC 

CD4024BF 

F4024PC 

CD4024BE 


Industry 

Type 

RCA 

Replacement 

Type 

F4025DC 

CD4025BF 

F4025PC 

CD4025BE 

F4027DC 

CD4027BF 

F4027PC 

CD4027BE 

F4028DC 

CD4028BF 

F4028PC 

CD4028BE 

F4029DC 

CD4029BF 

F4029PC 

CD4029BE 

F4030DC 

CD4030BF 

F4030PC 

CD4030BE 

F4035DC 

CD4035BF 

F4035PC 

CD4035BE 

F4040DC 

CD4040BF 

F4040PC 

CD4040BE 

F4041 DC 

CD4041BF 

F4041 PC 

CD4041 BE 

F4042DC 

CD4042BF 

F4042PC 

CD4042BE 

F4043DC 

CD4043BF 

F4043PC 

CD4043BE 

F4044DC 

CD4044BF 

F4044PC 

CD4044BE 

F4046DC 

CD4046BF 

F4046PC 

CD4046BE 

F4047DC 

CD4047BF 

F4047PC 

CD4047BE 

F4049DC 

CD4049BF 

F4049PC 

CD4049BE 

F4050DC 

CD4050BF 

F4050PC 

CD4050BE 

F4051DC 

CD4051 BF 

F4051 PC 

CD4051 BE 

F4052DC 

CD4052BF 

F4052PC 

CD4052BE 

F4053DC 

CD4053BF 

F4053PC 

CD4053BE 

F4066DC 

CD4066BF 

F4066PC 

CD4066BE 

F4067DC 

CD4067BF 

F4067PC 

CD4067BE 

F4068DC 

CD4068BF 

F4068PC 

CD4068BE 

F4069DC 

CD4069UBF 

F4069PC 

CD4069UBE 

F4070DC 

CD4070BF 

F4070PC 

CD4070BE 

F4071DC 

CD4071BF 

F4071 PC 

CD4071 BE 

F4072DC 

CD4072BF 

F4072PC 

CD4072BE 

F4073DC 

CD4073BF 

F4073PC 

CD4073BE 

F4075DC 

CD4075BF 

F4075PC 

CD4075BE 

F4076DC 

CD4076BF 

F4076PC 

CD4076BE 

F4077DC 

CD4077BF 

F4077PC 

CD4077BE 

F4078DC 

CD4078BF 

F4078PC 

CD4078BE 

F4081 DC 

CD4081BF 

F4081PC 

CD4081 BE 

F4082DC 

CD4082BF 

F4082PC 

CD4082BE 

F4085DC 

CD4085BF 
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Industry 

Type 

RCA 

Replacement 

Type 

F4085PC 

CD4085BE 

F4086DC 

CD4086BF 

F4086PC 

CD4086BE 

F4510DC 

CD4510BF 

F4510PC 

CD4510BE 

F4511DC 

CD4511BF 

F4511PC 

CD451 1 BE 

F4512DC 

CD4512BF 

F4512PC 

CD4512BE 

F4514DC 

CD4514BF 

F4514PC 

CD4514BE 

F4515DC 

CD4515BF 

F4515PC 

CD4515BE 

F4516DC 

CD4516BF 

F4516PC 

CD4516BE 

F4518DC 

CD4518BF 

F4518PC 

CD4518BE 

F4520DC 

CD4520BF 

F4520PC 

CD4520BE 

F4527DC 

CD4527BF 

F4527PC 

CD4527BE 

F4532DC 

CD4532BF 

F4532PC 

CD4532BE 

F4555DC 

CD4555BF 

F4555PC 

CD4555BE 

F4556DC 

CD4556BF 

F4556PC 

CD4556BE 

F4581 PC 

CD40181 BF 

F4581DC 

CD40181 BE 

F4582DC 

CD40182BF 

F4582PC 

CD40182BE 

F4724DC 

CD4724BF 

F4724PC 

CD4724BE 

F40085DC 

CD4585BF 

F40085PC 

CD4585BE 

F40160DC 

CD40160BF 

F40160PC 

CD40160BE 

F40161 DC 

CD40161 BF 

F40161 PC 

CD40161 BE 

F40162DC 

CD40162BF 

F40162PC 

CD40162BE 

F40163DC 

CD40163BF 

F40163PC 

CD40163BE 

F40174DC 

CD40174BF 

F40174PC 

CD40174BE 

F40192DC 

CD40192BF 

F40192PC 

CD40192BE 

F40193DC 

CD40193BF 

F40193PC 

CD40193BE 

F40194DC 

CD40194BF 

F40194PC 

CD40194BE 

HD174C04 

CD4096BD 

HD174C14 

CD40106BD 

HD174C86 

CD4030BD 

HD174C86 

CD4070BD 

HD174C160 

CD40160BD 

HD174C161 

CD40161 BD 

HD174C162 

CD40162BD 

HD174C163 

CD40163BD 

HD174C164 

CD4015BD 

HD174C165 

CD4021BD 

HD174C173 

CD4076BD 

HD174C174 

CD40174BD 

HD174C192 

CD40192BD 

HD174C193 

CD40193BD 


Industry 

Type 

RCA 

Replacement 

Type 

HD374C04 

CD4069BE 

HD374C14 

CD40106BE 

HD374C86 

CD4030BE 

HD374C86 

CD4070BE 

HD374C160 

CD40160BE 

HD374C161 

CD40161 BE 

HD374C162 

CD40162BE 

HD374C163 

CD40163BE 

HD374C164 

CD4015BE 

HD374C165 

CD4021 BE 

HD374C173 

CD4076BE 

HD374C174 

CD40174BE 

HD374C173 

CD4076BE 

HD374C192 

CD40192BE 

HD374C193 

CD40193BE 

MC14000UBAL 

CD4000UBD 

MC14000UBCP 

CD4000UBE 

MC14001BAL 

CD4001BD 

MC14001 BCP 

CD4001 BE 

MC14001UBAL 

CD4001UBD 

MC14001 UBCP 

CD4001UBE 

MC14002BAL 

CD4002BD 

MC14002BCP 

CD4002BE 

MC14002UBAL 

CD4002UBD 

MC14002UBCP 

CD4002UBE 

MC14006BAL 

CD4006BD 

MC14006BCP 

CD4006BE 

MC14007UBAL 

CD4007UBD 

MC14007UBCP 

CD4007UBE 

MC14008BAL 

CD4008BD 

MC14008BCP 

CD4008BE 

MC14011BAL 

CD4011BD 

MC14011BCP 

CD4011 BE 

MC14011UBAL 

CD4011UBD 

MC14011UBCP 

CD4011UBE 

MC14012BAL 

CD4012BD 

MC14012BCP 

CD4012BE 

MC14012UBAL 

CD4012UBD 

MC14012UBCP 

CD4012UBE 

MC14013BAL 

CD4013BD 

MC14013BCP 

CD4013BE 

MC14014BAL 

CD4014BD 

MC14014BCP 

CD4014BE 

MC14015BAL 

CD4015BD 

MC14015BCP 

CD4015BE 

MC14016BAL 

CD4016BD 

MC14016BCP 

CD4016BE 

MC14017BAL 

CD4017BD 

MC14017BCP 

CD4017BE 

MC14018BAL 

CD4018BD 

MC14018BCP 

CD4018BE 

MC14020BAL 

CD4020BD 

MC14020BCP 

CD4020BE 

MC14021 BAL 

CD4021BD 

MC14021 BCP 

CD4021 BE 

MC14022BAL 

CD4022BD 

MC14022BCP 

CD4022BE 

MC14023BAL 

CD4023BD 

MC14023BCP 

CD4023BE 

MC14023UBAL 

CD4023UBD 

MC14023UBCP 

CD4023UBE 

MC14024BAL 

CD4024BD 

MC14024BCP 

CD4024BE 

MC14025BAL 

CD4025BD 

MC14025BCP 

CD4025BE 


Industry 

Type 

RCA 

Replacement 

Type 

MC14025UBAL 

CD4025UBD 

MC14025UBCP 

CD4025UBE 

1 MC14027BAL 

CD4027BD 

MC14027BCP 

CD4027BE 

MC14028BAL 

CD4028BD 

MC14028BCP 

CD4028BE 

MC14029BAL 

CD4029BD 

MC14029BCP 

CD4029BE 

MC14032BAL 

CD4032BD 

MC14032BCP 

CD4032BE 

MC14034BAL 

CD4034BD 

MC14034BCP 

CD4034BE 

MC14035BAL 

CD4035BD 

MC14035BCP 

CD4035BE 

MC14038BAL 

CD4038BD 

MC14038BCP 

CD4038BE 

MC14040BAL 

CD4040BD 

MC14040BCP 

CD4040BE 

MC14042BAL 

CD4042BD 

MC14042 BCP 

CD4042BE 

MC14043BAL 

CD4043BD 

MC14043BCP 

CD4043BE 

MC14044BAL 

CD4044BD 

MC14044BCP 

CD4044BE 

MC14046BAL 

CD4046BD 

MC14046BCP 

CD4046BE 

MC14049UBAL 

CD4049UBD 

MC14049UBCP 

CD4049UBE 

MC14050BAL 

CD4050BD 

MC14050BCP 

CD4050BE 

MC14051BAL 

CD4051BD 

MC14051 BCP 

CD4051 BE 

MC14052BAL 

CD4052BD 

MC14052BCP 

CD4052BE 

MC14053BAL 

CD4053BD 

MC14053BCP 

CD4053BE 

MC14066BAL 

CD4066BD 

MC14066BCP 

CD4066BE 

MC140.68BAL 

CD4068BD 

MC14068BCP 

CD4068BE 

MC14069UBAL 

CD4069UBD 

MC14069UBCP 

CD4069UBE 

MC14070BAL 

CD4070BD 

MC14070BCP 

CD4070BE 

MC14071 BAL 

CD4071BD 

MC14071 BCP 

CD4071 BE 

MC14072BAL 

CD4072BD 

MC14072BCP 

CD4072BE 

MC14073BAL 

CD4073BD 

MC14073BCP 

CD4073BE 

MC14075BAL 

CD4075BD 

MC14075BCP 

CD4075BE 

MC14076BAL 

CD4076BD 

MC14076BCP 

CD4076BE 

MC14077BAL 

CD4077BD 

MC14077BCP 

CD4077BE 

MC14078BAL 

CD4078BD 

MC14078BCP 

CD4078BE 

MC14081 BAL 

CD4081BD 

MC14081 BCP 

CD4081 BE 

MC14082BAL 

CD4.082BD 

MC14082BCP 

CD4082BE 

MC14093BAL 

CD4093BD 

MC14093BCP 

CD4093BE 

MC14094BAL 

CD4094BD 












Industry 

Type 

RCA 

Replacement 

Type 

MC14094BCP 

CD4094BE 

MC14099BAL 

CD4099BD 

MC14099BCP 

CD4099BE 

MC14160BAL 

CD40160BD 

MC14160BCP 

CD40160BE 

MC14161 BAL 

CD40161 BD 

i MC14161 BCP 

CD40161 BE 

MC14162BAL 

CD40162BD 

MC14162BCP 

CD40162BE 

MC14163BAL 

CD40163BD 

MC14163BCP 

CD40163BE 

MC14174BAL 

CD40174BD 

MC14174BCP 

CD40174BE 

MC14194BAL 

CD40194BD 

MC14194BCP 

CD40194BE 

MC14502BAL 

CD4502BD 

MC14502BCP 

CD4502BE 

MC14504BAL 

CD40109BD 

MC14504BCP 

CD40109BE 

MC14508BAL 

CD4508BD 

MC14508BCP 

CD4508BE 

MC14510BAL 

CD4510BD 

CD14510BCP 

CD4510BE 

MC1451 1 BAL 

CD4511BD 

MC1451 1 BCP 

CD451 1 BE 

MC14512BAL 

CD4512BD 

MC14512BCP 

CD4512BE 

MC14514BAL 

CD4514BD 

MC14514BCP 

CD4514BE 

MC14515BAL 

CD4515BD 

MC14515BCP 

CD4515BE 

MC14516BAL 

CD4516BD 

MC14516BCP 

CD4516BE 

MC14517BAL 

CD4517BD 

MC14517BCP 

CD4517BE 

MC14518BAL 

CD4518BD 

MC14518BCP 

CD4518BE 

MC14520BAL 

CD4520BD 

MC14520BCP 

CD4520BE 

MC14527BAL 

CD4527BD 

MC14527 BCP 

CD4527BE 

MC14532BAL 

CD4532BD 

MC14532BCP 

CD4532BE 

MC14536BAL 

CD4536BD 

MC14536BCP 

CD4536BE 

MC14555BAL 

CD4555BD 

MC14555BCP 

CD4555BE 

MC14556BAL 

CD4556BD 

MC14556BCP 

CD4556BE 

MCI 4581 BAL 

CD40181 BD 

MC14581 BCP 

CD40181 BE 

MC14582BAL 

CD40182BD 

MC14582BCP 

CD40182BE 

MC14584BAL 

CD40106BD 

MC14584BCP 

CD40106BE 

MC14585BAL 

CD4585BD 

MC14585BCP 

CD4585BE 

MM54C04D 

CD4069UBD 

MM54C160D 

CD40160BD 

MM54C161D 

CD40161 BD 

MM54C162D 

CD40162BD 

MM54C163D 

CD40163BD 

MM54C173D 

CD4076BD 

MM54C174D 

CD40174BD 

MM74C04N 

CD4069UBE 


Industry 

Type 

RCA 

Replacement 

Type 

MM74C160N 

CD40160BE 

MM74C16IN 

CD40161 BE 

MM74C162N 

CD40162BE 

MM74C163N 

CD40163BE 

MM74C164N 

CD4015BE 

MM74C165N 

CD4021 BE 

MM74C173N 

CD4076BE 

MM74C174N 

CD40174BE 

SCL4000BC 

CD4000BF 

SCL4000BD 

CD4000BD 

SCL4000BE 

CD4000BE 

SCL4001 BC 

CD4001BF 

SCL4001 BD 

CD4001BD 

SCL4001 BE 

CD4001 BE 

SCL4001UBC 

CD4001UBF 

SCL4001 UBD 

CD4001UBD 

SCL4001 UBE 

CD4001 UBE 

SCL4002BC 

CD4002BF 

SCL4002BD 

CD4002BD 

SCL4002BE 

CD4002BE 

SCL4006ABC 

CD4006BF 

SCL4006ABD 

CD4006BD 

SCL4006ABE 

CD4006BE 

SCL4007UBC 

CD4007UBF 

SCL4007UBD 

CD4007UBD 

SCL4007UBE 

CD4007UBE 

SCL4008BC 

CD4008BF 

SCL4008BD 

CD4008BD 

SCL4008BE 

CD4008BE 

SCL4009UBC 

CD4009UBF 

SCL4009UBD 

CD4009UBD 

SCL4009UBE 

CD4009UBE 

SCL4010BC 

CD4010BF 

SCL4010BD 

CD4010BD 

SCL4010BE 

CD4010BE 

SCL4011BC 

CD4011BF 

SCL4011BD 

CD4011BD 

SCL401 1 BE 

CD401 1 BE 

SCL401 1 UBC 

CD4011UBF 

SCL4011UBD 

CD4011UBD 

SCL401 1 UBE 

CD4011UBE 

SCL4012BC 

CD4012BF 

SCL4012BD 

CD4012BD 

SCL4012BE 

CD4012BE 

SCL4013BC 

CD4013BF 

SCL4013BD 

CD4013BD 

SCL4013BE 

CD4013BE 

SCL4014BC 

CD4014BF 

SCL4014BD 

CD4014BD 

SCL4014BE 

CD4014BE 

SCL4015BC 

CD4015BF 

SCL4015BD 

CD4015BD 

SCL4015BE 

CD4015BE 

SCL4016BC 

CD4016BF 

SCL4016BD 

CD4016BD 

SCL4016BE 

CD4016BE 

SCL4017BC 

CD4017BF 

SCL4017BD 

CD4017BD 

SCL4017BE 

CD4017BE 

SCL4018BC 

CD4018BF 

SCL4018BD 

CD4018BD 

SCL4018BE 

CD4018BE 

SCL4019BC 

CD4019BF 

SCL4019BD 

CD4019BD 

SCL4019BE 

CD4019BE 


Industry 

Type 

RCA 

Replacement 

Type 

SCL4020ABC 

CD4020BF 

SCL4020ABD 

CD4020BD 

SCL4020ABE 

CD4020BE 

SCL4021BC 

CD4021BF 

SCL4021 BD 

CD4021 BD 

SCL4021 BE 

CD4021 BE 

SCL4022ABC 

CD4022BF 

SCL4022ABD 

CD4022BD 

SCL4022ABE 

CD4022BE 

SCL4023BC 

CD4023BF 

SCL4023BD 

CD4023BD 

SCL4023BE 

CD4023BE 

SCL4024BC 

CD4024BF 

SCL4024BD 

CD4024BD 

SCL4024BE 

CE4024BE 

SCL4025BC 

CD4025BF 

SCL4025BD 

CD4025BD 

SCL4025BE 

CD4025BE 

SCL4026ABC 

CD4026BF 

SCL4026ABD 

CD4026BD 

SCL4026ABE 

CD4026BE 

SCL4027BC 

CD4027BF 

SCL4027BD 

CD4027BD 

SCL4027BE 

CD4027BE 

SCL4028BC 

CD4028BF 

SCL4028BD 

CD4028BD 

SCL4028BE 

CD4028BE 

SCL4029BC 

CD4029BF 

SCL4029BD 

CD4029BD 

SCL4029BE 

CD4029BE 

SCL4030BC 

CD4030BF 

SCL4030BD 

CD4030BD 

SCL4030BE 

CD4030BE 

SCL4033ABC 

CD4033BF 

SCL4033ABD 

CD4033BD 

SCL4033ABE 

CD4033BE 

SCL4034ABC 

CD4034BF 

SCL4034ABD 

CD4034BD 

SCL4034ABE 

CD4034BE 

SCL4035BC 

CD4035BF 

SCL4035BD 

CD4035BD 

SCL4035BE 

CD4035BE 

SCL4040ABC 

CD4040BF 

SCL4040ABD 

CD4040BD 

SCL4040ABE 

CD4040BE 

SCL4041UBC 

CD4041UBE 

SCL4041UBD 

CD4041UBD 

SCL4041UBE 

CD4041UBE 

SCL4042BC 

CD4042BE 

SCL4042BD 

CD4042BD 

SCL4042BE 

CD4042BE 

SCL4043ABC 

CD4043BF 

SCL4043ABD 

CD4043BD 

SCL4043ABE 

CD4043BE 

SCL4044ABC 

CD4044BF 

SCL4044ABD 

CD4044BD 

SCL4044ABE 

CD4044BE 

SCL4046BC 

CD4046BF 

SCL4046BD 

CD4046BD 

SCL4046BE 

CD4046BE 

SCL4049UBC 

CD4049BF 

SCL4049UBD 

CD4049BD 

SCL4049UBE 

CD4049BE 

SCL4050BC 

CD4050BF 

SCL4050BD 

CD4050BD 
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Industry 

Type 

RCA 

Replacement 

Type 

SCL4050BE 

SCL4051BC 

SCL4051BD 

SCL4051BE 

SCL4052BC 

CD4050BE 
CD4051BF 
CD4051BD 
CD4051 BE 
CD4052BF 

SCL4052BD 

SCL4052BE 

SCL4053BC 

SCL4053BD 

SCL4053BE 

CD4052BD 

CD4052BE 

CD4053BF 

CD4053BD 

CD4053BE 

SCL4060ABC 

SCL4060ABD 

SCL4060ABE 

SCL4066BC 

SCL4066BD 

CD4060BF 

CD4060BD 

CD4060BE 

CD4066BF 

CD4066BD 

SCL4066BE 

SCL4068BC 

SCL4068BD 

SCL4068BE 

SCL4069UBC 

CD4066BE 

CD4068BF 

CD4068BD 

CD4068BE 

CD4069UBF 

SCL4069UBD 

SCL4069UBE 

SCL4070BC 

SCL4070BD 

SCL4070BE 

CD4069UBD 

CD4069UBE 

CD4070BF 

CD4070BD 

CD4070BE 

SCL4071BC 

SCL4071BD 

SCL4071BE 

SCL4072BC 

SCL4072BD 

CD4071BF 

CD4071BD 

CD4071 BE 
CD4072BF 
CD4072BD 

SCL4072BE 

SCL4073BC 

SCL4073BD 

SCL4073BE 

SCL4075BC 

CD4072BE 

CD4073BF 

CD4073BD 

CD4073BE 

CD4075BF 

SCL4075BD 

SCL4075BE 

SCL4076BC 

SCL4076BD 

SCL4076BE 

CD4075BD 

CD4075BE 

CD4076BF 

CD4076BD 

CD4076BE 

SCL4077BC 

SCL4077BD 

SCL4077BE 

SCL4078BC 

SCL4078BD 

CD4077BF 

CD4077BD 

CD4077BE 

CD4078BF 

CD4078BD 

SCL4078BE 

SCL4081BC 

SCL4081BD 

SCL4081BE 

SCL4082BC 

CD4078BE 

CD4081BF 

CD4081BD 

CD4081 BE 
CD4082BF 

SCL4082BD 

SCL4082BE 

SCL4093BC 

SCL4093BD 

SCL4093BE 

CD4082BD 

CD4082BE 

CD4093BF 

CD4093BD 

CD4093BE 

SCL4160BC 

SCL4160BD 

SCL4160BE 

SCL4161BC 

SCL4161BD 

CD40160BF 
CD40160BD 
CD40160BE 
CD40161 BF 
CD40161 BD 

SCL4161BE 

SCL4162BC 

SCL4162BD 

SCL4162BE 

SCL4163BC 

CD40161 BE 
CD40162BF 
CD40162BD 
CD40162BE 
CD40163BF 


Industry 

Type 

RCA 

Replacement 

Type 

SCL4163BD 

SCL4163BE 

SCL4502BC 

SCL4502BD 

SCL4502BE 

CD40163BD 

CD40163BE 

CD4502BF 

CD4502BD 

CD4502BE 

SCL4508BC 

SCL4508BD 

SCL4508BE 

SCL4510BC 

SCL4510BD 

CD4508BF 

CD4508BD 

CD4508BE 

CD4510BF 

CD4510BD 

SCL4510BE 

SCL4511BC 

SCL4511BD 

SCL4511BE 

SCL4512BC 

CD4510BE 

CD4511BF 

CD4511BD 

CD4511 BE 
CD4512BF 

SCL4512BD 

SCL4512BE 

SCL4514BC 

SCL4514BD 

SCL4514BE 

CD4512BD 

CD4512BE 

CD4514BF 

CD4514BD 

CD4514BE 

SCL4515BC 

SCL4515BD 

SCL4515BE 

SCL4516BC 

SCL4516BD 

CD4515BF 

CD4515BD 

CD4515BE 

CD4516BF 

CD4516BD 

SCL4516BE 

SCL4517BC 

SCL4517BD 

SCL4517BE 

SCL4518BC 

CD4516BE 

CD4517BF 

CD4517BD 

CD4517BE 

CD4518BF 

SCL4518BD 

SCL4518BE 

SCL4520BC 

SCL4520BD 

SCL4520BE 

CD4518BD 

CD4518BE 

CD4520BF 

CD4520BD 

CD4520BE 

SCL4527BC 

SCL4527BD 

SCL4527BE 

SCL4555BC 

SCL4555BD 

CD4527BF 
CD4527BD • 
CD4527BE 
CD4555BF 
CD4555BD 

SCL4555BE 

SCL4556BC 

SCL4556BD 

SCL4556BE 

SCL4581BC 

CD4555BE 

CD4556BF 

CD4556BD 

CD4556BE 

CD4581BF 

SCL4581BD 
SCL4581 BE 
SCL4582BC 
SCL4582BD 
SCL4582BE 

CD4581BD 

CD4581 BE 
CD4582BF 
CD4582BD 
CD4582BE 

SCL4585BC 
SCL4585BD 
SCL4585BE 
TP4000AN 
TP4001 AN 

CD4585BF 

CD4585BD 

CD4585BE 

CD4000AE 

CD4001AE 

TP4001BN 

TP4002AN 

TP4007AN 

TP4007UBN 

TP4008AN 

CD4001 BE 

CD4002AE 

CD4007AE 

CD4007UBE 

CD4008AE 

TP4008BN 

TP4009AN 

TP4009UBN 

TP4010AN 

TP4010BN 

CD4008BE 

CD4009AE 

CD4009UBE 

CD4010AE 

CD4010BE 



RCA 

Industry 

Replacement 

Type 

Type 


TP401 1 AN 

CD4011AE 

TP4011BN 

CD401 1 BE 

TP4012AN 

CD4012AE 

TP4013AN 

CD4013AE 

TP4013BN 

CD4013BE 

TP4014AN 

CD4014AE 

TP4015AN 

CD4015AE 

TP4015BN 

CD4015BE 

TP4016AN 

CD4016AE 

TP4016UBN 

CD4016BE 

TP4017AN 

CD4017AE 

TP4018AN 

CD4018AE 

TP4018BN 

CD4018BE 

TP4019AN 

CD4019AE 

TP4019BN 

CD4019BE 

TP4020AN 

CD4020AE 

TP4020BN 

CD4020BE 1 

TP4021 AN 

CD4021AE 

TP4022AN 

CD4022AE 

TP4023AN 

CD4023AE 

TP4024AN 

CD4024AE 

TP4024BN 

CD4024BE 

TP4025AN 

CD4025AE 

TP4027AN 

CD4027AE 

TP4027BN 

CD4027BE 

TP4028AN 

CD4028AE 

TP4028BN 

CD4028BE 

TP4029AN 

CD4029AE 

TP4030AN 

CD4030AE 

TP4030BN 

CD4030BE 

TP4035BN 

CD4035BE 

TP4040AN 

CD4040AE 

TP4040BN 

CD4040BE 

TP4042AN 

CD4042AE 

TP4042BN 

CD4042BE 

TP4043AN 

CD4043AE 

TP4043BN 

CD4043BE 

TP4044AN 

CD4044AE 

TP4044BN 

CD4044BE 

TP4049AN 

CD4049AE 

TP4049UBN 

CD4049UBE 

TP4050AN 

CD4050AE 

TP4050BN 

CD4050BE 

TP4051 AN 

CD4051AE 

TP4051BN 

CD4051 BE 

TP4052AN 

CD4052AE 

TP4052BN 

CD4052BE 

TP4053AN 

CD4053AE 

TP4053BN 

CD4053BE 

TP4066AN 

CD4066AE 

TP4068AN 

CD4068AE 

TP4069UBN 

CD4069UBE 

TP4070BN 

CD4070BE 

TP4071BN 

CD4071 BE 

TP4072BN 

CD4072BE 

TP4073BN 

CD4073BE 

TP4075BN 

CD4075BE 

TP4081BN 

CD4078BE 

TP4082BN 

CD4081 BE 

TP4083BN 

CD4082BE 

TP4511BN 

CD451 1 BE 

TP4512BN 

CD4512BE 

juPD4001 C 

CD4001AE 
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Cross-Reference Guide 


Industry 

Type 

RCA 

Replacement 

Type 

ywPD4002C 

CD4002AE 

juPD4011C 

CD4011AE 

//PD4012C 

CD4012AE 

/yPD4013C 

CD4013AE 

//PD4014C 

CD4014AE 

/iPD4015C 

CD4015AE 

fj PD4017C 

CD4017BE 

/uPD4019C 

CD4019AE 

/WPD4020C 

CD4020AE 

//PD4021C 

CD4021AE 

/iPD4023C 

CD4023AE 

/UPD4024C 

CD4024BE 

//PD4025C 

CD4025AE 

//PD4027C 

CD4027AE 

/UPD4028C 

CD4028AE 

//PD4029C 

CD4029AE 

ywPD4030C 

CD4030AE 


Industry 

Type 

RCA 

Replacement 

Type 

/JPD4034C 

CD4034BE 

A/PD4035C 

CD4035BE 

yuPD4040C 

CD4040BE 

/jP D4042C 

CD4042AE 

fjP D4043C 

CD4043BE 

//PD4044C 

CD4044BE 

yuPD4049C 

CD4049AE 

/C/PD4050C 

CD4050AE 

jt/PD4051 C 

CD4051 BE 

//PD4052C 

CD4052BE 

//PD4053C 

CD4053BE 

^/PD4063C 

CD4063BE 

fjP D4066C 

CD4066AE 

/iPD4069C 

CD4069UBE 

//PD4071C 

CD4071 BE 

//PD4072C 

CD4072BE 

A/PD4073C 

CD4073BE 


Industry 

Type 

RCA 

Replacement 

Type 

/JPD4075C 

CD4075BE 

A»PD4081C 

CD4081BE 

pPD4082C 

CD4082BE 

A(PD4093C 

CD4093BE 

>uPD4094C 

CD4094BE 

/iPD4099C 

CD4099BE 

/iPD4508C 

CD4508BE 

/iPD4510C 

CD4510BE 

A/PD4511C 

CD4511 BE 

/iPD4514C 

CD4514BE 

>uPD4515C 

CD4515BE 

A<PD4516C 

CD4516BE 

A(PD4518C 

CD4518BE 

/iPD4520C 

CD4520BE 

A/PD4532C 

CD4532BE 

A<PD4555C 

CD4555BE 

A»PD4556C 

CD4556BE 


3. 
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General Operating and Application Considerations 


This section is intended as a guide to cir- 
cuit and equipment designers in the 
operation and application of MOS inte- 
grated circuits. It covers general operat- 
ing and handling considerations with re- 
spect to the following critical factors: 

• Operating supply-voltage range 

• Power dissipation and derating 

• System noise considerations 

• Power-source rules 

• Gate-oxide protection networks 

• Input signals and ratings 

• Chip assembly and storage 

• Device mounting 

• Testing 

More specific information is then given 
on significant features, special design 
and application requirements, and 
standard ratings and electrical charac- 
teristics for COS/MOS A- and B-series 
logic circuits, and on COS/MOS special 
-function circuits (telecommunications 
and special interface and display driver 
circuits). 


GENERAL OPERATING AND 
HANDLING CONSIDERATIONS 


The following paragraphs discuss some 
key operating and handling considera- 
tions that must be taken into account to 
achieve maximum advantage of the 
COS/MOS technology. Additional infor- 
mation on the operation and handling of 
COS/MOS integrated circuits is given in 
I CAN-6525, "Guide to Better Handling 
and Operation of CMOS Integrated Cir- 
cuits,” included in the Application Notes 
Section of this DATABOOK. 


Operating Supply-Voltage Range 

Because logic systems occasionally ex- 
perience transient conditions on the 
power-supply line which, when added to 
the nominal power-bus voltage, could 
exceed the safe limits of circuits con- 
nected to the power bus, the recom- 
mended operating supply-voltage ranges 
are 3 to 12 volts for A-series devices and 
3 to 18 volts for B-series devices. The 
recommended maximum power-supply 
limit is substantially below the minimum 
primary breakdown limit for the devices 
to allow for limited power-supply tran- 
sient and regulation limits. For circuits 
that operate in a linear mode over a por- 
tion of the voltage range, such as RC or 


crystal oscillators, a minimum supply 
voltage of 4 volts is recommended. 

Power Dissipation and Derating 

The power dissipation of a COS/MOS in- 
tegrated circuit is the sum of adc (quies- 
cent) component and an ac (dynamic) 
component. The dc component is the 
sum of the net integrated-circuit reverse 
diode-junction current and the surface 
leakage current times the supply volt- 
age. In standard A- or B-series logic de- 
vices, the dc dissipation typically ranges, 
depending upon device complexity, 
from 100 to 400 nanowatts for a supply 
voltage of 10 volts. Worst-case dc dissi- 
pation is the product of the maximum 
quiescent current (given in the data 
sheet on each device) and the dc supply 
voltage Vdd. 

Dynamic power dissipation has 3 com- 
ponents: 

a) The dissipation that results from cur- 
rent that charges and discharges the 
external load capacitance of the out- 
put buffers. The dissipation of each 
output buffer is equal to CV 2 f, where 
C is the load capacitance, V is the 
supply voltage, and F is the switching 
frequency of that output. 

b) The dissipation that results from cur- 
rent that charges and discharges the 
internal node capacitances. 

c) The dissipation caused by the cur- 
rent spikes through the PMOS and 
NMOS transistors in series at the in- 
stant of switching. This component 
amounts to approximately 10 per 
cent of the total dissipation, shown 
graphically in the data sheets of most 
RCA COS/MOS circuits. 

All COS/MOS devices are rated at 200 
mW per package at the maximum oper- 
ating ambient temperature rating (T A ) 
for the package type (85° C for plastic 
packages and 125°C for ceramic pack- 
ages). Power ratings for temperatures 
below the maximum operating tempera- 
ture are shown in the standard COS/ 
MOS thermal derating chart in Fig. 1. 
This chart assumes that (a) the device is 
mounted and soldered (or placed in a 
socket) on a PC board; (b) there is nat- 
ural convection cooling, with the PC 
board mounted horizontally; and (c) the 
pressure is standard (14.7 psia). In addi- 
tion to the over-all package dissipation, 
device dissipation per output transistor 
is limited to 100 mW maximum overthe 
full package operating-temperature 
range. 



Fig. 1 — Standard COS/MOS thermal derat- 
ing chart. 


System Noise Considerations 

In general, COS/MOS devices are much 
less sensitive to noise on power and 
ground lines than bipolar logic families 
(such as TTL or DTL). However, this sen- 
sitivity varies as a function of the power- 
supply voltage, and more importantly as 
a function of synchronism between noise 
spikes and input transitions. Good pow- 
er distribution in digital systems requires 
that the power bus have a low dynamic 
impedance; for this purpose, discrete 
decoupling capacitors should be distrib- 
uted across the power bus. A more de- 
tailed discussion of COS/MOS noise im- 
munity is provided by ICAN-6587, “Noise 
Immunity of B-series COS/MOS Inte- 
grated Circuits,” in the Application Notes 
Section. 

Power-Source Rules 

Fig. 2 shows the basic COS/MOS invert- 
er and its gate-oxide protection network 
plus inherent diodes. The safe operating 
procedures listed below can be under- 
stood by reference to this inverter: 



* THESE DIODES ARE INHERENTLY PART OF THE 
MANUFACTURING PROCESS. 

92CS-27965R2 


Fig. 2— Basic COS/MOS inverter with B- 
series types protection network. 

1. When separate power supplies are 
used for the COS/MOS device and for 
the device inputs, the device power 
supply should always be turned on 


36 



General Operating and Application Considerations 


before the independent input signal 
sources, and the input signals should 
be turned off before the power supply 
is turned off (Vss ^ Vi <Vdd as a maxi- 
mum limit). This rule will prevent over- 
dissipation and possible damage to 
the D2 input-protection diode when 
the device power supply is grounded. 
When the device power supply is an 
open circuit, violation of this rule can 
result in undesired circuit operation 
although device damage should not 
result; ac inputs can be rectified by di- 
ode D2 to act as a power supply. 

2. The power-supply operating voltage 
should be kept safely below the abso- 
lute maximum supply rating, as indi- 
cated previously. 

3. The power-supply polarity for COS/ 
MOS circuits should not be reversed. 
The positive (Vdd) terminal should 
never be more than 0.5 volt negative 
with respect to the negative (V S s) ter- 
minal (Vdd — V S s>-0.5 V). Reversal of 
polarities will forward-bias and short 
the structural and protection diode 
between V D d and Vss. 

4. Vdd should be equal to or greater than 
Vcc for COS/MOS buffers which have 
two power supplies (except for the 
CD40109B, and in particular, for CD- 
4009 and CD4010 COS/MOS-to-TTL 
“down”-conversion devices). 

5. Power-source current capability 
should be limited to as low a value as 
reasonable to assure good logic oper- 
ation. 

6. Large values of resistors in series with 
Vdd or Vss should be avoided; tran- 
sient turn-on of input protection di- 
odes can result from drops across 
such resistors during switching. 


Gate-Oxide Protection Network 

A problem occasionally encountered in 
handling and testing low-power semi- 
conductor devices, including MOS and 
small-geometry bipolar devices, has 
been damage to gate oxide and/or p-n 
junctions. Fig. 3 shows the gate-oxide 
protection circuits used to protect COS/ 
MOS devices from static electricity dam- 
age. ICAN-6572 gives further informa- 
tion on protection circuits. Although 
these circuits are included in all COS/ 
MOS devices, the handling precautions 
in ICAN-6572 and ICAN-6525 should be 
observed. 



•these diodes are inherently part of the 

MANUFACTURING PROCESS 


(a) For standard A-series COS/MOS prod- 
uct. 



92CS- 29510 


(b) For improved B-series COS/MOS prod- 
uct. 



(c) ForCD4049UB, CD4050B, andCD40109B 
COS/MOS types. 


in/outO— | * vdd 


Il ^j* tn-SUB j^ D 


D2r* p-WELLf ^ *Hd: 


DIODE BREAKDOWN 
Dl « 25 V 
D2«50V 


I 


GATE 2 


* THESE DIODES ARE INHERENTLY PART OF THE 
MANUFACTURING PROCESS. 


92CS — 27967RI 

(d) For COS/MOS transmission gates. 


Fig. 3— Gate-oxide protection networks used in 
RCA COS/MOS integrated circuits. 

Input Signals and Ratings 

1. Input signals should be maintained 
within the power-supply voltage 
range, Vss < Vi < V D d. If the input sig- 
nal exceeds the recommended input- 
signal-swing range, the input current 


should be limited to ±100/iAto mini- 
mize cross talk between input signals 
on adjacent terminals, and also to 
minimize any reduction in noise im- 
munity. 

The absolute-maximum input-cur- 
rent rating of ±10 mA, shown in the 
published data, protects the device 
against the possible occurence of an 
induced Vdd - Vss latch condition, or 
damage to the input protection di- 
odes. Latch-up conditions are ex- 
plained in ICAN-6525. 

2. All COS/MOS inputs should determi- 

nated. An exception can be made in 
the case of unbuffered NOR and 
NAND gates (A-series and UB types) \ 

where terminating one of the series 
inputs to the proper polarity will not 
permit current flow caused by a float- 
ing input. Thus, tying low one of the 
inputs of an unbuffered NAND gate, 

or tying high one of the inputs of an 
unbuffered NOR gate will satisfy this 
requirement. 

When COS/MOS inputs are wired to 
edge card connectors with COS/ 

MOS drive coming from another PC 
board, a shunt resistor in the range of 
100 kohms should be connected to 
Vdd or Vss, as applicable, in case the 
inputs become unterminated with the j 
power supply on. 

3. When COS/MOS circuits are driven 
by TTL logic.a “ pull-up” resistor 
should be connected from the COS/ 

MOS input to 5 volts (further informa- 
tion is given in ICAN-6602). 


Output Rules 

1. The power dissipation in a COS/MOS , 

package should not exceed the rated ’ 

value for the ambient temperature 
specified. The actual dissipation 
should be calculated when (a) short- 
ing outputs directly to Vdd or Vss, (b) 
driving low-impedance loads, or (c) 
directly driving the base of p-n-p or \ 

n-p-n bi-polar transistor. 

2. Output short circuits often result from 
testing errors or improper board as- 
sembly. Shorts on buffer outputs or 
across power supplies greater than 5 
volts can damage COS/MOS devices. 

3. COS/MOS, like active pull-up TTL, 
cannot be connected in the “wire- 
OR” configuration because an “on” 

PMOS and an "on” NMOS transistor 
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could be directly shorted across the 
power-supply rails. (Exception: CD- 
401 07B) 

4. Paralleling inputs and outputs of 
gates is recommended only when the 
gates are within the same 1C package. 

5. Output loads should return to a volt- 
age within the supply-voltage range 
(Vdd to Vss). 

6. Large capacitive loads (greater than 
5000 pF) on COS/MOS buffers or 
high-current drivers act like short cir- 
cuits and may over-dissipate output 
transistors. 

7. Output transistors may be over-dissi- 
pated by operating buffers as linear 

I amplifiers or using these types as 

one-shot or astable multivibrators. 

Noise Immunity and Noise Margin 

The complementary structure of the in- 
verter, common to all COS/MOS logic 
devices, results in a near-ideal input-out- 
put transfer characteristic, with switch- 
ing point midway (45% to 55%) between 
the 0 and 1 output logic levels. The result 
is high dc noise immunity. 

Fig. 4 shows a typical transfer curve that 
may be used to define the dc noise im- 
munity of COS/MOS integrated circuits. 
^ The noise-immunity voltage (V iL or V| H ) 
is the noise voltage at any one input that 
does not propagate through the system. 
Minimum noise immunity for buffered B- 
series COS/MOS devices is 30, 30, and 
27 per cent, respectively for supply volt- 
ages Vdd of 5, 10, and 15 volts and 20 per 
cent of Vdd for all unbuffered gates. The 
Vil and Vih specifications define the 
maximum permissible additive noise 
voltage at an input terminal when input 
| signals are within 50 millivolts of the sup- 

ply rails. 



Fig. 4— Typical transfer curve for a inverting 
gate at Vdd -10 V. 


Noise margin is the difference between 
the noise-immunity voltage (V !L or Vm) 
and the output voltage V 0 . Noise-margin 
voltage is the maximum voltage that can 
be impressed upon an input voltage V !N 
(where V (N is the V 0 l or V 0 h voltage of the 
preceding stage) at any (or all) logic I/O 
terminals without upsetting the logic or 
causing any output to exceed the output 
voltage (V 0 ) conditions specified for V )L 
and Vih ratings. Fig. 5 illustrates the 
noise-margin concept in a simple sys- 
tem. Minimum noise margins for buf- 
fered B-series COS/MOS devices are 1, 
2, and 2.5 volts, respectively, for supply 
voltages of 5, 10, and 15 volts. 


Vod .5V V 0C-°.5V V 0h .4.5V 
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Fig. 5 — Noise margin example using invert- 
ers. 

Of the two noise-limitation specifica- 
tions (noise immunity and noise mar- 
gin), RCA considers noise immunity to 
be more practical for COS/MOS devices 
because COS/MOS outputs are normal- 
ly within 50 millivolts of supply rails. 

Noise immunity increases as the input 
pulse width becomes less than the prop- 
agation delay of the circuit. This condi- 
tion is often described as ac noise immu- 
nity. (Further information on noise im- 
munity is given in ICAN-6587). 

Clock Rise- and Fall-Time Requirements 

Most COS/MOS clocked devices have 
maximum rise- and fall-time ratings (nor- 
mally 5 to 15 microseconds). With longer 
rise or fall times, a device may not func- 
tion properly because of data ripple- 
through, false triggering problems, etc. 
Some B-series COS/MOS counters have 
Schmitt-trigger shaping circuits built in- 
to the clock circuit, removing the restric- 
tion for input rise or fall times. Long rise 
and fall times on COS/MOS buffer-type 
inputs cause increased power dissipa- 
tion which may exceed device capability 
for operating power-supply voltages 
greater than 5 volts. 

Parallel Clocking 

Process variations leading to differences 
in input threshold voltage among ran- 
dom device samples can cause loss of 


data between certain synchronously 
clocked sequential circuits, as shown in 
Fig. 6. This problem can be avoided if the 
maximum clock rise time (t r CL) for cas- 
cading any two CMOS sequential de- 
vices is limited in accordance with the 
following equations: 

A Series Types 

Maximum t r CL = x U™) 

B Series Types 

Maximum t r CL = ^ fs ° ( v)" ~ X tp ^ 

where t p = t PH L or t PL H (whichever is 
smaller) for the unit A in Fig. 6 as speci- 
fied on the device data sheet at the speci- 
fied value of Vdd and loading conditions. 
Schmitt trigger circuits such as the CD- 
4093B are an ideal solution to applica- 
tions requiring wave-shaping. 

CASCADING WITH SLOW CLOCK 
CAN CAUSE ERROR 


D Q 1 1 1 0 0 2 | 
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Fig. 6 — Error effect that results from a slow 
clock in cascaded circuits. 


Three-State Logic 

Three-state logic can be easily imple- 
mented by use of a transmission gate in 
the output circuit; this technique pro- 
vides a solution to the wire-OR problem 
in many cases. 

Chip Assembly and Storage 

RCA COS/MOS integrated circuits are 
provided in chip form (H suffix) to allow 
customer design of special and complex 
circuits to suit individual needs. COS/ 
MOS chips are electrically identical to 
and offer the features of their counter- 
parts sealed in ceramic and plastic pack- 
ages. The following paragraphs describe 
mounting considerations, packaging, 
shipping and storage criteria, handling 
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criteria, visual inspection criteria, testing 
criteria, and bonding pad layout and di- 
mensions for each chip. 

Mounting Considerations. All COS/MOS 
chips are non-gold backed and require 
the use of epoxy mounting. DuPont 
No’s. 6838 or 5504A conductive silver 
paste or equivalent is recommended. In 
any case the manufacturer’s recommend- 
ations for storage and use should be 
followed. If DuPont No., 6838 or 5504A 
paste is used, the bond should be cured 
at temperatures between 185°C and 
200° C for 75 minutes. 

In COS/MOS circuits MOS-transistor p- 
channel substrates (n-type bulk materi- 
al) are connected to V D d, therefore, when 
chips are mounted and a conductive 
paste is used care must be taken to keep 
the active substrate isolated from ground 
or other circuit elements. 

Packing, Shipping, and Storage Criteria. 

Solid-state chips, being small in sizeand 
unencapsulated, are physically fragile 
and small in physical size, and therefore, 
require special handling considerations 
as follows: 

1. Chips must be stored under proper 
conditions to insure that they are not 
subjected to a moist and/or contami- 
nated atmosphere that could alter 
their electrical, physical, or mechani- 
cal characteristics. After the shipping 
container is opened, the chip must be 
stored under the following condi- 
tions: 

A. Storage temperature, 40° C max. 

B. Relative humidity, 50% max. 

C. Clean, dust-free environment. 

2. The user must exercise proper care 
when handling chips to prevent even 
the slightest physical damage to the 
chip. 

3. During mounting and lead bonding of 
chips the user must use proper as- 
sembly techniques to obtain proper 
electrical, thermal, and mechanical 
performance. 

4. After the chip has been mounted and 
bonded, any necessary procedure 
must be followed by the user to insure 
that these non-hermetic chips are not 
subjected to a moist and contaminat- 
ed atmosphere which might cause the 
development of electrical conductive 
paths across the relatively small insu- 
lating surfaces. In addition, proper 
consideration must be given to the 


protection of these devices from 
other harmful environments which 
could conceivably affect their 
performance and/or reliability. 

Handling Criteria. The user should find 
the following suggested precautions 
helpful in handling COS/MOS chips. 

Because of the extremely small size and 
fragile nature of chips, the equipment 
designer should exercise care in 
handling these devices. 

For additional handling considerations 
for COS/MOS devices, refer to ICAN- 
6525, “Guide to Better Handling and Op- 
eration of CMOS Integrated Circuits.” 

1. Grounding 

a. Bonders, pellet pick-up tools, table 
tops, trim and form tools, sealing 
equipment, and other equipment 
used in chip handling should be 
properly grounded. 

b. The operator should be properly 
grounded. 

2. In-Process Handling 

a. Assemblies or subassemblies of 
chips should be transported and 
stored in conductive carriers. 

b. All external leads of the assemblies 
or subassemblies should be short- 
ed together. 

3. Bonding Sequence 

a. Connect V D d first to external con- 
nections, for example, terminal 14 
of the CD4001AH. 

b. Remaining functions may be con- 
nected to their external connec- 
tions in any sequence. 

4. Testing 

a. Transport all assemblies of chips 
in conductive carriers. 

b. In testing chip assemblies or sub- 
assemblies, the operator should be 
properly grounded. 

Visual Inspection Criteria. All standard 
commercial COS/MOS chips undergo a 
visual inspection which is patterned af- 
ter MIL-STD-883, Method 2010, Condi- 
tion B with modifications reflecting 
COS/MOS requirements. 

Testing Criteria. COS/MOS chips are dc 
electrically tested 100% in accordance 
with the same standards prescribed for 
RCA devices in standard packages. 

Device Testing 

RCA COS/MOS circuits are 1 00-percent 


tested by circuit probe in the wafer stage 
and are 100-percent tested again after 
they have been packaged. DC tests of 
RCA devices are performed at 5, 10, 15, 
and 20 volts; functionality is checked at 
2.8, 17, and 20 volts depending on family 
(i.e., A or B series). Sample testing is 
used to assure adherence to quality re- 
quirements and ac specifications. 

Static tests, high-speed functional and 
dc parametric tests, are performed at 
wafer and package stages by means of a 
Teradyne J283 test set. A Teradyne 
SI 57CM test set and a Marcodata MD154 
test set are used in dynamic testing. Dy- 
namic tests are performed with 15 and 50 
picofarad loads. Testing at 15 picofarads 
is accomplished primarily by laboratory 
“bench-test” techniques; automatic test- 
ing at 15 picofarads is difficult because 
of the high input capacitance (approxi- 
mately 20 to 35 picofarads) of most auto- 
matic ac test sets. 

Users should follow the sequence below 
when testing COS/MOS devices: 

1 . Insert the device into the test socket. 

2. Apply V dd . 

3. Apply the input signal. 

4. Perform the test. 

5. On completion of test, remove the in- 
put signal. 

6. Turn off the power supply (Vdd). 

7. Remove the device from the test sock- 
et and insert it into a conductive carri- 
er. COS/MOS devices under test must 
not be exposed to electrostatic dis- 
charge or forward biasing of the in- 
trinsic protective diodes shown in Fig. 
3. 

Detailed information on the techniques 
employed in the testing of RCA COS/ 
MOS integrated circuits are described in 
ICAN-6532 included in the Application 
Notes section of this DATABOOK. 

Device Mounting 

Integrated circuits are normally supplied 
with lead-tin plated leads to facilitate 
soldering into circuit boards. In those 
relatively few applications requiring 
welding of the device leads, rather than 
spidering, the devices may be obtained 
with nickel-plated Kovar leads.* Itshould 
be recognized that this type of plating 
will not provide complete protection 
against lead corrosion in the presence of 
high humidity and mechanical stress. 

*MIL-M-38510, paragraph 3,5,6, 1 (a), lead 
material 
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In any method of mounting integrated 
circuits which involves bending or form- 
ing of the device leads, it is extremely im- 
portant that the lead be supported and 
clamped between the bend and the 
package seal, and that bending be done 
with care to avoid damage to lead plat- 
ing. In no case should the radius of the 
bend be less than the diameter of the 
lead. It is also extremely important that 
the ends of bent leads be straight to as- 
sure proper insertion through the holes 
in the printed-circuit board. 

A-SERIES COS/MOS 
INTEGRATED CIRCUITS 

RCA CD4000A-series types have a maxi- 
mum dc supply-voltage rating of -0.5 to 
15 volts, and a recommended operating 
supply-voltage range of 3 to 1 2 volts. The 
major features of this series are as fol- 
lows: 

• Quiescent current specified to 15 
volts 

• 5-volt and 1 0-volt parametric ratings 

• Maximum input leakage of IjuA at 15 
volts over the full package operat- 
ing-temperature range 

• 1-volt noise margin (full package 
temperature range) 


Table I shows the maximum ratings and 
the recommended operating supply-volt- 
age range for RCA A-series COS/MOS 
integrated circuits. 

Static Electrical Characteristics 

Table II shows the standard dc electrical 
characteristics for A-series types. The 
data sheet for each of these types con- 
tains the family characteristics shown in 
Table I plus additional dc characteristics 
that are type-dependent. 

Dynamic Electrical Characteristics 

A-series dynamic electrical characteris- 
tics are specified for individual types un- 
der the following conditions: Vdd = 5 V 
and 10 V; T A = 25°C (temperature coeffi- 
cient is typically 0.3%/° C); C L = 15 pF; t r 
and t f of inputs = 20 ns. 


HIGH-VOLTAGE B-SERIES 
COS/MOS INTEGRATED 
CIRCUITS 

RCA-CD4000B-series types have a max- 
imum dc supply-voltage rating of -0.5 to 
20 volts, and a recommended operating 
supply-voltage range of 3 to 1 8 volts. The 


major features of this serjes are as fol- 
lows: 

• High-voltage (20-V) ratings 

• 100% tested for quiescent current at 
20 V 

• 5-V, 10-V, and 15-V parametric rat- 
ings 

• Standardized, symmetrical output 
characteristics 

• Maximum input current of 1 /uA at 18 
V over full-package-temperature 
range; 100 nA at 18 V and 25° C 

• Noise margin (full package-temper- 
ature range) = 

1 VatVoo = 5 V 

2 Vat Vdd = 10 V 
2.5 Vat Vdd = 15 V 

• Meets all requirements of JEDEC 
Tentative Standard No. 1 3B, “Stand- 
ard Specifications for Description of 
‘B’ Series CMOS Devices 


JEDEC Minimum Standard 

Under the sponsorship of the Joint Elec- 
tron Devices Engineering Council 
(JEDEC) of the Electronic Industries As- 
sociation (EIA), minimum industrial 
standards have been established for the 


Table I — Maximum Ratings and Recommended Operating Conditions for A-series COS/MOS 
Integrated Circuits 

MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, Vdd (Voltages referenced to Vss terminal) -0.5 to +15V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vdd +0.5 V 

POWER DISSIPATION PER PACKAGE (Pd): 

For Ta = -40 to +60° C (Package Type E) 500 mW 

For Ta = +60 to +85°C (Package Type E) Derate Linearly to 200 mW 

For Ta = -55 to +100° C (Package Types D, H) 500 mW 

For Ta = +100 to +125°C (Package Types D, H) Derate Linearly to 100 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For Ta = Full package-temperature range (All package types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

Package Types D, H -55 to +125°C 

Package Type E -40 to +85° C 

STORAGE-TEMPERATURE RANGE Tstg) -65 to 150° C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265° C 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that opera- 
ation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 1 

UNITS 

Min. 

Max. 

Supply-Voltage Range (For Ta = Full Package- 
Temperature Range) 

3 

12 

V 
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Table II — A-Series Static Electrical Characteristics (Full Package Temperature Range) 





CONDITIONS 



LIMITS 



SYMBOL 

PARAMETER 

Vin 

Vo (volts) 

Vdd 








MIN. 

MAX. 


MIN. 


1 

UNITS 

VoL 

Output Low 

mm 

— 

— 


■H 

Bfl 

Em 

Bfl 


Voltage 

Bfl 

— 

— 



KB 


IB 

VqH 

Output High 

0 

■ 

— 

5 

4.95 

5 

— 

V 


Voltage 

0 


— 

10 

9.95 

10 

— 

V 

Vnl 

Noise Voltage 

■ ; 

B8S*B| 

— 

5 

na 

2.25 

n 

Bfl 

(SSI Types) 

(Input Low) 


Warn 

— 

10 

KB 

4.5 

■ 

HI 

Vnh 





5 

KB 

2.25 

u 

mm 

(SSI Types) 


mm 




Ell 

4.5 

■ 

■1 

V NL 

Noise Voltage 

■ 

4.2 


5 

is 

2.25 

— 

V 

(MSI Types) 

(Input Low) 


9.0 


10 

KB 

4.5 

— 

V 

V NH 

Noise Voltage 

— 

— 

■a 

5 


2.25 

— 

V 

(MSI Types) 

(Input High) 

— 

— 

na 

10 

KB 

4.5 

— 

V 

Vnml 


— 

4.5 

■ 


IB 

m 

— 

V 



— 

9.0 



IB 


— 

V 

Vnmh 

Noise Margin 

— 

— 

0.5 

5 

KB 


— 



(Input High) 

— 

— 

1.0 

10 

KB 


— 


1 IL. 1 IH 

Input Leakage 

Low 

— 

— 

— 

15 

— 

± 10” 5 

±i 

AfA 

II 

Quiescent Device 
Leakage 

- 

- 

— 

5, 10, 15 

See Data Sheets 

M 

1 DNi IdP 

Output Source and 
Sink current 

— 

— 


5,10 

See Data Sheets 

mA 


Note: Logic Level Inversion Assumed in Table II. 


maximum ratings, static and ac electri- 
cal characteristics of B-series CMOS in- 
tegrated circuits. The JEDEC standard 
(JEDEC Tentative Standard No. 13B) 
defines B-series CMOS integrated cir- 
cuits as a uniform family of both buffered 
and unbuffered types that have an abso- 
lute dc supply-voltage rating of at least 
18 volts. 

Buffered CMOS devices are types in 
which the output “on” impedance is in- 
dependent of any and all valid input logic 
conditions, both preceding and present. 
All such CMOS product are designated 
by the suffix “B” following the basictype 
number. 

Unbuffered CMOS devices are types 
that meet all B-series specifications ex- 
cept that the logical outputs are not buf- 
fered and the noise-immunity voltages, 
Vil and Vih, are specified as 20 and 80 per 
cent, respectively, of V D d for operation 
from 5 or 1 0 volts, and 1 7 and 83 per cent, 
respectively, of V D d for operation from 1 5 
volts. All such CMOS product are desig- 
nated by the suffix “UB”. 


The JEDEC minimum standard also in- 
cludes in the B-series CMOS types that 
have analog inputs or outputs and, in ad- 
dition, have maximum ratings and logi- 
cal input and output parameters that 
conform to B-series specifications 
wherever applicable. These CMOS de- 
vices are also designated by the suffix 
“B”. 

All B-series CMOS devices can directly 
replace their A-series counterparts in 
most applications. The UB types are 
high-voltage versions of corresponding 
A-series (unbuffered) types. 

Table III lists the JEDEC minimum 
standards established for the maximum 
ratings and recommended operating 
conditions for B-series CMOS integrat- 
ed circuits. 

Table IV shows the JEDEC standards for 
the static electrical characteristics of 
CMOS B-series integrated circuits. 

Standardized RCA Ratings 
and Static Characteristics 

RCA B-series COS/MOS integrated cir- 


cuits meet or exceed the most stringent 
requirements of the JEDEC B-series 
specifications. T able V shows the stand- 
ardized maximum ratings and recom- 
mended operating supply-voltage range 
for RCA B-series COS/MOS integrated 
circuits. The standardized static electri- 
cal characteristics for these devices are 
shown in Table VI. As with the JEDEC 
specifications, the RCA standardized 
characteristics classifies the B-series 
devices into three leakage (quiescent- 
device-current) categories. Table VII 
lists the RCA types in each category and 
indicates types that, although they are 
still B-series types, differ in one or more 
static characteristics. 

Tables Vand VI showthat, in a number of 
important respects, RCA has established 
new performance standards for B-series 
COS/MOS logic circuits: 

1. Tight limits for all packages 

RCA devices use the same set of lim- 
its for all package styles. The JEDEC 
standard establishes two sets of limits 
for most dc (static) parameters; a 








































General Operating and Application Considerations 

Table III - JEDEC Minimum Standards for Maximum Ratings 
and Recommended Operating Conditions for B-series CMOS 
Integrated Circuits* 

Absolute Maximum Ratings (Voltages referenced to Vss): 


DC Supply Voltage 

Vdd 

-0.5 to +18 

Vdc 

Input Voltage 

V IN 

-0.5 to Vdd +0.5 

Vdc 

DC Input Current 

IlN 

±10 

mAdc 

(any one input) 




Storage-Temperature Range 

T s 

-65 to +150 

°C 


Recommended Operating Conditions: 

DC Supply Voltage V D d +3 to +15 Vdc 

Operating-Temperature Range, T A 
Military-Range Devices -55 to +125 °C 

Commercial-Range Devices -40 to +85 °C 


‘Reprinted from JEDEC Tentative Standard No. 13-B, “Standard 
Specifications for Description of B-Series CMOS Devices.” 


Table IV — JEDEC Standard for Static Characteristics of B-Series CMOS Integrated Circuits* 







LIMITS ! 




TEMP. 

V DD 


T LOW* 

+25° C 

t high* 


PARAMETER ! 

RANGE 

(Vdc) 

CONDITIONS 

Min 

Max 

Min 

Typ 

Max 

Min 

Max 

Units 


Quiescent 


5 



0.25 




0.25 


7.5 


•dd 

Device Current 

Mil 

10 

V IN = V SS or V DD 


0.5 




0.5 


15 



GATES 


15 



1.0 




1.0 


30 




5 

All valid input 


1.0 




1.0 


7.5 





Comm 

10 

combinations 


2.0 




2.0 


15 





15 



4.0 




4.0 


30 





5 



1.0 




1.0 


30 




Mil 

10 

V IN = Vss or V DD 


2.0 




2.0 


60 



BUFFERS, 

FLiP-FLOPS 


15 



4.0 




4.0 


120 

uAdc 


Comm 

5 

All valid input 


4 




4 


30 




10 

combinations 


8 




8 


60 





15 



16 




16 


120 





5 



5 




5 


150 




Mil 

10 

V IN = V SS or V DD 


10 




10 


300 



MSI 


15 



20 




20 


600 

uAdc 



5 

All valid input 


20 




20 


150 





Comm 

10 

combinations 


40 




40 


300 





15 



80 




80 


600 


v OL 

Low-Level 


5 



0.05 




0.05 


0.05 



Output Voltage 

All 

10 

, V IN = V SS or V DD 


0.05 




0.05 


0.05 

Vdc 




15 

|<0| < 1uA 


0.05 




0.05 


0.05 


v OH 

High-Level 


5 


4.95 


4.95 




4.95 




Output Voltage 

All 

10 

V|N = V§s or V DD 

9.95 


9.95 




9.95 


Vdc 




15 

|l 0 | <1uA 

14.95 


14.95 




14.95 



V| L 

Input Low 


5 

V 0 = 0.5V or 4.5V 


1.5 




1.5 


1.5 



Voltage 

All 

10 

V 0 = 1.0V or 9.0V 


3.0 




3.0 


3.0 

Vdc 




15 

V n = 1.5V or 13.5V 


4.0 




4.0 


4.0 



B Types 



A 

c 

> 













5 1 

Vo = 0.5V or 4.5V 


1.0 




1.0 


1.0 



UB Types 

All 

10 

Vo = 1.0V or 9.0V 


2.0 




2.0 


2.0 

Vdc 




15 

Vo = 1.5V or 13.5V 

1 10] <1uA 


2.5 




2.5 


2.5 


V|H 

Input High 


5 

Vq = 0.5V or 4.5V 

3.5 


3.5 




3.5 




Voltage 

All 

10 

Vq = 1.0V or 9.0V 

7.0 


7.0 




7.0 


Vdc 




15 

Vq= 1.5V or 13.5V 

11.0 


11.0 




11.0 




B Types 



1 1 0 1 <1uA 













5 

Vo = 0.5V or'4.5V 

4.0 


4.0 




4.0 




UB Types 

All 

10 

V 0 = 1.0V or 9.0V 

8.0 


8.0 




8.0 


Vdc 




15 

Vo = 1.5V or 13.5V 
|Iq|<1uA 

12.5 


12.5 




12.5 
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Table IV - JEDEC Standard for Static Characteristics of B-series CMOS Integrated Circuits (cont’d) 







LIMITS 




TEMP. 

Vdd 


Tlow* 

±25° C 

Thigh* 


PARAMETER 

RANGE 

(Vdc) 

CONDITIONS 




Typ 

Max 

Min 

Max 

Units 




5 

Vq = 0.4V 

V| N = 0or 5V 


■ 


■ 

■ 

0.36 






10 

Vq = 0.5V, 











Mil 

15 

V| N = 0or 10V 

V 0 = 1.5V, 


■ 

; 

1 


0.9 



'OL 

Output Low 



V|n = 0or 15V 

Hgyg] 





2.4 


mAdc 

(Sink) Current 


5 

V 0 = 0.4V, 














V||\| = 0 or 5V 

0.52 


0.44 



0.36 






10 

Vq = 0.5V, 











Comm 

15 

V||\] = 0 or 10V 

V Q = 1.5V, 

1.3 


1.1 



0.9 







V||\j = 0 or 15V 

3.6 


3.0 



2.4 






5 

V 0 = 4.6V, 













V|N = 0 or 5V 

-0.25 


-0.2 



-0.14 






10 

Vq = 9.5V, 











Mil 

15 

V | (sj = 0 or 10V 

Vq = 13.5V, 

-0.62 


-0.5 



-0.35 



'OH 

Output High 
(Source) 



V| N = Oor 15V 

-1.8 


-1.5 



-1.1 


mAdc 


5 

Vo = 4.6 V 




■ 

■ 


■| 


Current 






V, N = 0 or 5V 

-0.2 


-0.16 



-0.12 






10 

Vo = 9.5V, 




9 1 

■ ■ 





Comm 

15 

Vug = 0 or 10V 

Vo = 13.5V, 

-0.5 


-0.4 

§ 


-0.3 

■ 






V in = 0 or 15V 

-1.4 


-1.2 

■ 


-1.0 



IlN 

Input 

Current 

Mil 

15 

V,N = 0 or 15V 


±0.1 





±1.0 

uAdc 



15 











Comm 

V in = 0 or 15V 


±0.3 





±1.0 

uAdc 

lou-rmax 

3-State 

Output 

Mil 

15 

Vin = 0 or 15V 

■ 

±0.4 

■ 


±0.4 


±12 


Leakage 

Current 

Comm 

15 

V, N = 0 or 15V 


±1.6 

■ 


±1.6 


±12 

wmm 


Cin 

Input 

Capacitance 
per Unit Load 

All 

■ 

Any Input 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

PF 


*Ti_ow = -55° C for Military Temp. Range device, -40° C for Commercial Temp. Range device 
‘Thigh = +125° C for Military Temp. Range device, +85° C for Commercial Temp. Range device 

a Reprinted from JEDEC Tentative Standard No. 13-B, “JEDEC Standard Specification for Description of B-series CMOS Devices." 


tight set for products having a full op- 
erating temperature range of -55° C 
to 4-1 25° C (normally used for ceram- 
ic packages), and a relaxed set for 
products having a limited tempera- 
ture range of -40° C to 4-85° C (nor- 
mally used for plastic packages). Be- 
cause RCA supplies only one premi- 
um grade of B-series product in all 
package styles (i.e., fall-out chips are 
not used), all B-series COS/MOS de- 
vices are specified to the tight set of 
limits only. 


2. Improved voltage rating 

All RCA B-series devices are tested to 
voltages that insure safe operation at 
the absolute maximum dc supply 
voltage rating of 20 volts. This higher 
rating permits greater derating for re- 
liable 15-voltoperation,permitsgreat- 
er 15-volt supply tolerance and peak 
transients, and permits system use to 
18-volts with confidence. 

3. Wider operating range 

All RCA B-series devices have a rec- 


ommended maximum operating volt- 
age of 18 volts. This higher limit per- 
mits 18-volt system supply operation, 
and also permits wider power-source 
tolerances and transients for supplies 
normally set up to 18 volts. 

4. Lower leakage current 

The JEDEC standard establishes 
three sets of limits for quiescent de- 
vice current (Idd) intended to match 
chip complexity to device leakage 
current as realistically as possible. 
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Table V - RCA Standardized Maximum Ratings and Recommended Operating Conditions for 
B-Series COS/MOS Integrated Circuits 

Maximum Ratings, Absolute-Maximum Values 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to V S s Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T a = -40 to +60° C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85° C (PACKAGE TYPE E) Derate Linearly at 12rhW/°C to 200 mW 

For T a = -55 to +100° C (PACKAGE TYPES D, F) 500 mW 

For T a = +100 to +125° C (PACKAGE TYPES D, F) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For T a = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, H -55 to +125° C 

PACKAGE TYPE E -40 to +85° C 

STORAGE-TEMPERATURE RANGE (T a t fl ) -65 to +150° C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265° C 


Recommended Operating Conditions: 

For maximum reliability, nominal operating conditions should be 
selected so that operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (For 

T A = Full Package Temp- 
erature Range) 

3 

18 

V 


For all three levels of chip complexity, 
all RCA B-series devices (regardless 
of package) conform to the tighter set 
of limits established in the standard. 
In addition, a maximum rating isspec- 
I ified at 20V, as well as at 5V, 1 0V, and 

15V. As a result: 

(a) In current-limited applications, 
COS/MOS users can depend on one 
tight leakage limit independent of 
package style selected. 

(b) Customer use of COS/MOS product 

^ up through 18 volts is protected by a 

published tight leakage current 
specification at 20 volts (as well as 
by an input leakage specification at 
18 volts). 

5. Symmetrical output 

Most RCA B-series devices have bal- 
anced complementary output drive 
(i.e., the output high current Ioh rating 
is the same as the output low current 
Iol rating) specified to the tighter set 


of limits established in the JEDEC 
standard. The balanced output pro- 
vides uniform rise and fall time perfor- 
mance, improved system noise ener- 
gy (dynamic) immunity, optimum de- 
vice speed for both output switching 
low-to-high (t PL h) and output switch- 
ing high-to-low (tp H i_), and in general 
the identical high and low dc and ac 
characteristics normally associated 
with a good complementary output 
drive circuit. MOS system design, 
simulation, and performance are sig- 
nificantly enhanced by equal high 
and low dc and ac performance rat- 
ings and one tight specification limit 
for all package styles. 

6. Improved Input current (leakage) 
ratings 

All RCA B-series devices (regardless 
of package) have a maximum input 
leakage current (l !N ) rating of 100 nA 
specified at voltages up to 18 V, and a 


maximum limit of 1 pA at the upper 
limit of the package-temperature 
range. Actually, the 100 nA rating is a 
practical specification limited by the 
inability of commercial test equip- 
ment to measure lower currents. Lab- 
oratory tests show that input leakage 
currents of RCA B-series COS/MOS 
devices are significantly lower than 
this limit, typically ranging from 10 to 
100 pA. 

7. Buffered and unbuffered gates 

The new industry standard establish- 
es a suffix “UB” for CMOS products 
that meet all B-series specifications 
except that the logical outputs of the 
devices are not buffered and the Vi L 
and Vih specifications are relaxed. 
The suffix “B” defines only buffered- 
output devices in which the output 
“on” impedance is independent of 
any and all valid input logic condi- 
tions, both preceding and present. 
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Table VI — RCA B-Series COS/MOS Standardized Electrical Characteristics 


CHARACTER- 

ISTIC 

cor 

sIDITION, 

S 

LIMITS AT INDICATED TEMPERATURES (°C) 

Values at -55, +25, +125 Apply to D,F,H Packages 

Values at -40, +25, +85 Apply to E Package 

UNITS 

vo 

(V) 

V|N 

(V) 

Vdd 

(V) 


+25 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, 

IDD Max. 

Gates, 

Inverters* 

- 

0,5 

5 

0.25 

0.25 

7.5 

7.5 

- 

0.01 

0.25 

,zA 

_ 

0,10 

10 

0.5 

0.5 

15 

15 

- 

0.01 

0.5 

— 

0,15 

15 

1 

1 

30 

30 

- 

0.01 

1 

- 

0,20 

20 

5 

5 

150 

150 

- 

0.02 

5 

Buffers, Flip-Flops, 
Latches, Multi- 
Level Gates 
(MSI -1 Types)* 


0,5 

5 

1 

1 

30 

30 

- 

0.02 

1 

0,10 

10 

2 

2 

60 

60 

- 

0.02 

2 

0,15 

15 

4 

4 

120 

120 

- 

0.02 

4 

0,20 

20 

20 

20 

600 

600 

- 

0.04 

20 

Complex Logic 
(MSI-2 Types)* 


0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 
(Sink) Current 
• OL Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

Output High 
(Source) 

Current, 
lOH Min. 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage: 
Low-Level, 

Vol Max. 

- 

0,5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage: 
High-Level 

VoH Min. 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 

Voltage, 

V| |_ Max. 

B Types 

0.5, 4.5 

- 

5 

1.5 

- 

- 

1.5 

V 

1,9 

- 

10 

3 

- 

- 

3 

1.5, 13.5 

- 

15 

4 

- 

- 

4 

UB Types 

0.5, 4.5 

- 

5 

1 

- 

- 

1 

1,9 

- 

10 

2 


- 

2 

1.5, 13.5 

- 

15 

2.5 

- 

- 

2.5 

Input High 

Voltage, 

V|H Min. 

B Types 

0.5, 4.5 

- 

5 

3.5 

3.5 

- 

- 

1,9 

- 

10 

7 

7 

- 

— 

1.5, 13.5 

- 

15 

11 

11 

- 

- 

UB Types 

0.5, 4.5 

- 

5 

4 

4 

- 

- 

1,9 

— 

10 

8 

8 

— 

— 

1.5, 13.5 

- 

15 

12.5 

12.5 

- 

- 

Input Current 
l|N Max. 

— 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

— 

±10-5 

±0.1 

iuA 

3-State Output 
Leakage Current 
lOUT Max. 

0, 18 

0,18 

18 

±0.4 

±0.4 

±12 

±12 

- 

±10-4 

±0.4 

ma 


“^Classifications of RCA COS/MOS B-Series Types are shown in Table VII. 


45 





► 


RCA will supply both buffered (“B”) 
and unbuffered (“UB”) versions of the 
popular NOR and NAND gates to 
make available to designers the ad- 
vantages of both. The chart below 
briefly compares the features of the 
two versions (a more detailed cover- 
age of the special features of B- and 
UB-series COS/MOS gates is provid- 
ed by I CAN-6558 in the Application- 
Notes section): 

8. Reliability 

RCA B-series COS/MOS integrated 
circuits incorporate the latest im- 


provements in processing technolo- 
gy and plastic and ceramic packaging 
techniques. Product quality is real- 
time controlled using accelerated- 
temperature group quality screening 
in which measured dc parameters are 
criticized against tight B-series limits. 
Figs. 7 through 1 0 show thestandardized 
n- and p-channel drain characteristics 
for B-series COS/MOS devices, and 
Figs. IT through 14 show the normalized 
variation of output source and sink cur- 
rents with respect to temperature and 
voltage in these devices. 


B-Series Dynamic Electrical 
Characteristics 

B-series dynamic electrical characteris- 
tics are specified for individual types un- 
der the following conditions: Vdd = 5V; 
1 0V, and 1 5V; T A = 25° C; C L = 50 pF; R L 
= 200 kO; t r and t f = 20 ns. Table VIII lists 
dynamic characteristics specified for 
RCA B-series COS/MOS integrated cir- 
cuits. Fig. 13 shows the variation of B- 
series dynamic parameters with temper- 
ature. Fig. 14 shows the variation of out- 
put transition time with supply voltage. 
Fig. 15 shows the variation of the stand- 
ardized output transition time with load 
capacitance. 

Maximum propagation delay or transi- 
tion times for values of C L other than the 
specified 50 picofarads can be deter- 
mined by use of the multiplication factor 
(usually 2) between the typical and max- 
imum values given in the dynamic char- 
acteristics chart included in the techni- 
cal data for each device applied to the 
typical curves, and also shown in the 
device technical data. 


Characteristic 

Buffered 

Version 

(“B”) 

Unbuffered 

Version 

(“UB”) 

Propagation Delay (Speed) Moderate 

Fast 

Noise Immunity/Margin 

Excellent 

Good 

Output Impedance and 
Output Transition Time 

Constant 

Variable 

AC Gain 

High 

Medium 

Output Oscillation for 

Slow Inputs 

Yes 

No 

Input Capacitance 

Low 

High 
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General Operating and Application Considerations 


Table VIII - Dynamic Electrical Characteristics - Definitions 


Characteristic 

Symbol 

Limits 

Notes 

Max. 

Min. 

Propagation Delay: 





Outputs going high to low 

tpHL 

X 



Outputs going low to high 

tpLH 

X 



Output Transition Time: 





Outputs going high to low 

tTHL 

X 



Outputs going low to high 

tTLH 

X 



Pulse Width-Set, Reset, Preset 





Enable, Disable, Strobe, Clock 

twL or twH 


X 

i 

Clock Input Frequency 

fcL 

X 


1,2 

Clock input Rise and Fail Time 

trCLi tfCL 

X 



Set-Up Time 

tsu 


X 

1 

Hold Time 

t H 


X 

1 

Removal Time - Set, Reset, Preset-Enable 

tREM 


X 

1 

Three State Disable Delay Times: 





High level to high impedance 

tpHZ 

X 



High impedance to low level 

tpZL 

X 



Low level to high impedance 

tpLZ 

X 



High impedance to high level 

tpZH 

X 




NOTE: (1 ) By placing a defining min. or max. in front of definition, the limits can change from min. 
to max., or vice versa. 

(2) Clock input waveform should have a 50% duty cycle and be such as to cause the outputs 
to be switching from 10% V D d to 90% Vdd in accordance with the device truth table. 


■4^ 
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- V D0 

- V SS 
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output R L . ||> a j- V do f0 , , PLZ and , PZL 

^ , V SS ,w 'PHZ ond 'PZH 
CL 

50 p F. 

CS-29514RI 


Fig. 18 — Three-state propagation delay wave 
shapes and test circuit. 



Fig. 19 — Setup times, hold times, removal 
time, and propagation delay times 
for positive-edge triggered sequen- 
tial logic circuits. 


COS/MOS Special Products 

RCA supplies a variety of special 
COS/MOS products that have operat- 
ing supply-voltage ranges and other 
characteristics that differ from the 
standardized data specified for A- and 
B- series COS/MOS integrated circuits. 

These special applications types include 
crosspoint switches for use in telephone 
and PBX systems, in studio audio switch- 
ing applications, and as multisystem bus 
interconnects; tone generators for use in 
dual-tone telephone dialing systems; in- 
terface circuits for level-shifting applica- 
tions to interface CMOS logic levels with 
different logic types; and display drivers 
non-multiplexed, 4-digit, 7-segment 
LCD types containing all the circuitry 
necessary for driving conventional LCD 
displays without the need for external 
components. 
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COS/MOS High-Voltage 
B-Series Integrated Circuits 

Technical Data 
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CD4000B, CD4001B, CD4002B, CD4025B Types 


COS/MOS NOR Gates 

High-Voltage Types (20-Volt Rating) 

Dual 3 Input 
plus Inverter — CD4000B 
Quad 2 Input — CD4001 B 
Dual 4 Input — CD4002B 
Triple 3 Input — CD4025B 


RCA-CD4000B, CD4001B, CD4002B, and 
CD4025B NOR gates provide the system 
designer with direct implementation of the 
NOR function and supplement the existing 
family of COS/MOS gates. All inputs and 
outputs are buffered. 

The CD4000B, CD4001B, CD4002B, and 
CD4025B types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Features: 

■ Propagation delay time = 60 ns (typ.) at 
C L = 50 pF, V DD = 10V 

■ Buffered inputs and outputs 

■ Standardized symmetrical output characteristics 

■ 100% tested for maximum quiescent current at 20 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Maximum input current of 1 fiA at 18 V 
overfull package-temperature range; 

100 n A at 18 V and 25°C 

■ Noise margin (over full package temperature 
range): 

1 Vat VpD = 5 V 

2 Vat Vqd = 10 V 
2.5 Vat Vqd = 15 V 

■ Meets all requirements of JEDEC Tentative 
Standard No.13A, "Standard Specifications 
for Description of "B" Series CMOS Devices" 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +1 25 Apply to D,F,H Packages 
Values at —40, +25, +85 Apply to E Package 

UNITS 





+25 


EH 


+125 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, 

IqD M a x - 

- 

EH 

H 



■za 

7.5 

- 

0.01 

0.25 


- 

0,10 

10 

0.5 

0.5 

15 

15 

- 

0.01 

0.5 

- 

0,15 

15 

1 

1 

30 

30 

- 

0.01 

1 

- 

0,20 

20 

5 

5 

150 

150 

- 

0.02 

5 

Output Low 
(Sink) Current 
Iql Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

34 

6.8 

- 

Output High 
(Source) 

Current, 

Iqh Min - 

4.6 

0.5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage: 
Lcw-Level, 

Vol Max. 

- 

0,5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage: 
High-Level, 

VoH Min. 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage, 

V 1 1 _ Max. 

0.5,4.5 

- 

5 

1.5 

- 

- 

1.5 

V 

1,9 

- 

10 

3 

- 

_ 1 

3 

1.5,13.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V|H Min. 

0.5 

“ 

5 

3.5 

3.5 

- 

- 

1 


10 

7 

7 

- 

— 

1.5 

- 

15 

1 1 

11 

- 

- 

Input Current 
l|N Max. 


0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±io - 5 

±0.1 

fiA 



CD4000B 

FUNCTIONAL DIAGRAM 



FUNCTIONAL DIAGRAM 
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CD4000B, CD4001B, CD4002B, CD4025B Types 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (For T A = Full Package 
Temperature Range) 

3 

18 

V 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE. (V DQ ) 

(Voltages referenced to Vgs Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE <P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 1 2 mW/°C to 200 mW 

For T a = -55 to +100° C (PACKAGE TYPES D, F) 500 mW 

For T a = +100 to +125°C (PACKAGE TYPES D. F) . ■ Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a - FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D, F, H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1 /32 inch ( 1 .59 ± 0 79 mm) from case for 10s max +265°C 


DYNAMIC ELECTRICAL CHARACTERISTICS 

At T^ = 25° C; Input t r , tf= 20 ns, Cj_ = 50 pF, R ^ = 200kSl 


CHARACTERISTIC 

TEST CONDITIONS 

ALL TYPES 

LIMITS 

UNITS 


V DD 

VOLTS 

TYP. 

MAX. 

Propagation Delay Time, 


5 

125 

250 


^HL.tPLH 


10 

60 

120 

ns 



15 

45 

90 




5 

100 

200 


Transition Time, 


10 

50 

100 

ns 

tTHL.tTLH 


15 

40 

80 


Input Capacitance, 

Any Input 

5 

7.5 

pF 




Fig. 1 — Typical voltage transfer characteristics. 



Fig.2 — Typical power dissipation vs. frequency. 



Fig. 3 — Typical output low (sink) current 
characteristics. 



Fig.5 — Minimum output low (sink) 
current characteristics. 


I 
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CD4000B, CD4001B, CD4002B, CD4025B Types 


Vss 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V DD ANOV SS - 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
V DD OR V ss - 


Fig. 13 — Input leakage current 
test circuit. 



92CS-2744 1 R 

Fig. 14 — Input-voltage 
test circuit. 


TERMINAL ASSIGNMENTS (TOP VIEW) 


V DD 



Fig. 15 — Quiescent-device 
current test circuit. 




J*A+B+C+ D 

A H 


V SS- 


NC = NO CONNECTION 
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CHIP PHOTOGRAPHS 


CD4002B 
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CD4000UB, CD4001UB, CD4002UB, CD4025UB Types 


COS/MOS NOR Gates 

High-Voltage Types (20-Volt Rating) 
Dual 3 Input 

plus Inverter— CD4000UB 
Quad 2 lnput-CD4001UB 
Dual 4 Input— CD4002UB 
Triple 3 lnput-CD4025UB 

RCA-CD4000UB, CD4001UB, CD4002UB, 
and CD4025UB NOR gates provide the 
system designer with direct implementation 
of the NOR function and supplement the 
existing family of COS/MOS gates. 

The CD4000UB, CD4001UB, CD4002UB, 
and CD4025LIB types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Features: 

■ Propagation delay time = 30 ns (typ.) at 
C L = 50 pF, V DD = 10V 

■ Standardized symmetrical output characteristics 

■ 100% tested for maximum quiescent current 
at 20 V 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of 'B' Series CMOS Devices" 

■ Maximum input current of 1 juA at 18 V 
over full package-temperature range; 

100 nA at 18 V and 25°C 

■ 5-V, 10-V, and 15-V parametric ratings 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +1 25 Apply to D, F, H Packages 
Values at -40, +25, +85 Apply to E Package 

UNITS 

vo 

(V) 

V|N 

(V) 

vdd 

(V) 


+25 

-55 

—40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, 

IDD Max- 

- ; 

0,5 

5 

0.25 

0.25 

7.5 

7.5 

- 

0.01 

0.25 

H A 

- 

0,10 

10 

0.5 

0.5 

15 

15 

- 

0.01 

0.5 

- 

0,15 

15 

1 

1 

30 

30 

- 

0.01 

1 

- 

0,20 

20 

5 

5 

150 

150 

- 

0.02 

5 

Output Low 
(Sink) Current 
Iql Min. 

0.4 

BEl 

5 

|Q| 



EE 

ipfljj 

1 

Ml 


0.5 


na 

ns 

mm 

msm 


d 

EZ9 

s 

1.5 



wm 

4 

mm 

mm 

mm 

6.8 


Output High 
(Source) 

Current, 

IqH Min - 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 


-1 

HI 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

ma 

QB 


9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

EH 

ESI 

SUM 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

ESI 

Ian 

■ 

Output Voltage: 
Low-Level, 

Vql Max. 

- 

0,5 

5 

0.05 

- 

0 



- 

0,10 

10 

0.05 

- 

0 


- 

0,15 

15 

0.05 

- 

0 

■mi 

Output Voltage: 
High-Level, 

VoH Min. 

- 

0,5 

5 

4.95 


5 

- 

- 

0,10 

10 

9.95 


10 

- 

- 

0,15 

15 

14.95 


mm 

- 

Input Low 
Voltage, 

V|L Max. 

0.5, 4.5 

- 

5 

1 

- 

- 

i 

V 

1, 9 

- 

10 

2 

- 

- 

2 

1.5,13.5 

- 

15 

2.5 

- 

- 

2.5 

Input High 
Voltage, 

V|H Min. 

0.5 


5 

4 

4 

- 

- 

1 

- 

10 

8 

8 

— 

— 

1.5 

- 

15 

12.5 

12.5 

- 

- 

Input Current 

1 tN Max. 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

in 

1 

o 

+i 

±0.1 

mA 



CD4000UB 

FUNCTIONAL DIAGRAM 



FUNCTIONAL DIAGRAM 




54 








CD4000UB, CD4001UB, CD4002UB, CD4025UB Types 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability , nominal operating conditions should be 
selected so that operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS | 

MIN. 

MAX. UN ' TS 

Supply-Voltage Range (For 



T^ = Full Package Temp- 

3 

18 V 

erature Range) 




MAXIMUM RATINGS, Absd/ute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to V§s Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For Ta = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 1 2 mW/°C to 200 mW 

For T a = -55 to +100°C (PACKAGE TYPES D, F) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D,F). . . Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 


OPERATING-TEMPERATURE RANGE (T A ): 


PACKAGE TYPES D, F, H -55to+125°C 

PACKAGE TYPE E . -40 to +85°C 


STORAGE TEMPERATURE RANGE (T stg ) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 




O 25 5 75 10 125 15 

INPUT VOLTAGE (Vr)-V 

92CS- 28636RI 


Fig. 1 — Minimum and maximum voltage 
transfer characteristics. 



Fig. 2 — Typical voltage transfer characteristics 
as a function of temperature. 



Fig. 3 — Typical current & voltage transfer 
characteristics. 


v oo 



Fig. 4 — Schematic diagram for type CD4000UB. 



Fig. 5 — Typical output low (sink) current 
characteristics. 
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CD4000UB, CD4001UB, CD4002UB, CD4025UB Types 



n all inputs are 

PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 



Fig. 6 — Schematic diagram for type CD4001UB. 
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Fig. 9 — Minimum output low (sink) 
current characteristics. 
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Fig. 7 - Schematic diagram for type CD4002UB. 


Fig. 10 — Typical output high (source) 
current characteristics. 
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0 * 

p 

6* 

jJjET 

** 


e* 


.3* 

> 

Lr- 1 1 

6 

3 

Os 

(J « 1 

3 



^ALL INPUTS ARE ' 

PROTECTED BY i 

COS/MOS PROTECTION 
NETWORK 





Fig. 11 — Minimum output high (source) 
current characteristics. 



D CAPACITANCE (C L ) — pF 92CS-24322 


Fig. 8 — Schematic diagram for type CD4025UB. 


Fig. 12 — Typical transition time i/s. toad 
capacitance. 
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CD4000UB, CD4001UB, CD4002UB, CD4025UB Types 



Fig. 13 — Typical propagation delay time 
vs. load capacitance. 



Fig. 14 - Typical power dissipation vs. frequency. 



Fig. 15 — Quiescent-device-current test circuit. 



Vcc TEST ANY COMBINATION 

OF INPUTS 

92CS-2744IRI 

Fig. 16 — Input-voltage test circuit. 



V$S 92 CS - 2 

Fig. 17 — Input leakage current test circuit. 



NC’NO CONNECTION 


CD4001UB CD4001UB 



v oo 

K = E+F+G+H 


NC'-NO CONNECTION 


92CS- 24447 Rl 


CD4002UB 



NC NO CONNECTION 92CS-24468 Rl 


CD4025UB 


CD4002UB 



CHIP PHOTOGRAPHS 
Dimensions and Pad Layouts 




CD4000UB 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10~^ inch). 



CD4025UB 

The photographs and dimensions of each 
COS/MOS chip represent a chip when it 
is part of the wafer. When the wafer is 
cut into chips, the cleavage angles are 
57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated 
chip is actually 7 mils (0. 17 mm) larger 
in both dimensions. 
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CD4006B Types 

COS/MOS 18-Stage 
Static Shift Register 

High-Voltage Types (20-Volt Rating) 

The RCA-CD4006B types are composed of 
4 separate shift register sections: two sec- 
tions of four stages and two sections of five 
stages with an output tap at the fourth 
stage. Each section has an independent 
single-rail data path. 

A common clock signal is used for all stages. 
Data are shifted to the next stage on nega- 
tive-going transitions of the clock. Through 
appropriate connections of inputs and out- 
puts, multiple register sections of 4, 5, 8, 
and 9 stages or single register sections of 10, 
12, 13, 14, 16, 17 and 18 stages can be 
implemented using one CD4006B package. 
Longer shift register sections can be assem- 
bled by using more than one CD4006B. 

To facilitate cascading stages when clock 
rise and fall times are slow, an optional out- 
put (D-j+4') that is delayed one-half clock- 
cycle, is provided (see Truth Table for Out- 
put from Term. 2). 

The CD4006B types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


TERMINAL ASSIGNMENT 


D| 

D|+4’ 

CLOCK 

D 2 
°3 
D4 
VSS 

TOP VIEW 

92CS-28973 




ALL INPUTS (TERMINALS 1,3,4,5,61 
PROTECTED BY COS/MOS PROTECTION 
NETWORK 


92CS- 28974 


Features: 

■ Fully static operation 

■ Shifting rates up to 12 MHz @ 10 V (typ.) 

■ Permanent register storage with clock line high or low — 
no information recirculation required 

■ 100% tested for quiescent current at 20 V 

■ Standardized, symmetrical output characteristics 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Maximum input current of 1 juA at 18 V 
over full package-temperature range; 100 
nAat 18 V and 25° C 

■ Noise margin (full package-temperature 

range) = 1 V at Vp D = 5 V 

2 Vat V DD = 10 V 
2.5 Vat V DD = 15 V 



■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 


TRUTH TABLE FOR SHIFT REGISTER STAGE 


Applications: 

■ Serial shift registers 

■ Time delay circuits 


■ F requency division 


D 

cl a 

D + 1 

0 

■V 

0 

1 

"V 

1 

X 


NC 


TRUTH TABLE FOR OUTPUT FROM TERM.2 


92CS- I7887RI 



D-j+4 

cl a 

Df,+4' 

0 

V 

0 

1 

J~ 

1 

* 

A_ 

NC 


1 = HIGH > 

0R 0 = LOW A 

age NC = NO CHANGE 

Fig. 1 — Logic diagram and truth table (one register stage). 


= DON'T CARE 
= LEVEL CHANGE 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. For maximum 
reliability, nominal operating conditions should be selected so that operation is always within the 
following ranges: 


CHARACTERISTIC 

V DD 

(V) 

LIMITS 

UNITS 


Min. 

Max. 


Supply-Voltage Range (For T A = Full Package 





Temperature Range) 

- 

3 

18 

V 


5 

180 

- 


Clock Pulse Width, tyy 

10 

80 

- 

ns 


15 

50 

- 



5 

100 

_ 


Data Setup Time, t0 

10 

50 

- 

ns 


15 

40 

- 



5 

60 

- 


Data Hold Time, t|_j 

10 

40 

- 

ns 


15 

30 

- 


Clock Rise or Fall Time: t r , tf 

5,10, 

15 

- 

15 

MS 


5 

- 

2.5 


Clock Input Frequency, fQj_ 

10 

- 

5 

MHz 


15 

- 

7 
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CD4006B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgg Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pp): 

For T a = -40 to +60 o °C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 1 2 mW/°C to 200 mW 

For T a = -55 to +100°C (PACKAGE TYPES D, F) 500 mW 

For T A =+100 to +125°C (PACKAGE TYPES D. F) . . . Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 


PACKAGE TYPES D, F, H -55 to +1 25 C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 


AMBIENT TEMPERATURE (Ta)* 

1 1 1 H HH 1 H 1 1 H-H-l 1 I I H 



jltmftrr 

tt4jnw :::r::=== F :===:= 

HBBE : : : 1 BTTTTTBitfffl- ::::=jr== 

GATE-TO-SOURCE VOLTAGE (V G 5)*I5 



mam 

]j[ Ijlij 




---10 V 


|P1 


;|[|jH| | jl 


:!!!e ===== 



Fig. 2 — Typical output low (sink) current 
characteristics. 


STATIC ELECTRICAL CHARACTERISTICS 


[AMBIENT TEMPERATURE (T a )*25*C 4 


CHARACTER- 


LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS Values at -55, +25, +125 Apply to D,F,H Packages 
Values at -40, +25, +85 Apply to E Package 


ISTIC 

Vo 

V|N 



+25 


(V) 

(V) 

(V) 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

Current, 

~ 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

IDD M a x - 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 


- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

(Sink) Current 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

Iql Min. 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

34 

6.8 

- 

Output High 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

(Source) 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

Current, 

1 am Min 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

■UH ,vm, ‘ 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage: 

- 

0.5 

5 

0.05 

- 

0 

0.05 

Low-Level, 

Vql Max. 

- 

0,10 

10 

0.05 

- 

0 

0.05 


- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage: 

- 

0,5 

5 

4.95 

4.95 

5 

- 

High-Level, 

- 

0,10 

10 

9.95 

9.95 

10 

- 

d 

> 

X 

o 

> 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 

0.5, 4.5 

- 

5 

1.5 

— 

— 

1.5 


Voltage, 
V|[_ Max. 


Input High 

0.5, 4.5 

_ 

5 

3.5 

3.5 

- 

— 

V 

Voltage, 

1,9 

- 

10 

7 

7 

- 

— 


V|H Min. 

1.5,13.5 


15 

11 

11 

- 

- 


Input Current 
l||\| Max. 

- 

0,18 

18 

±0.1 ±0.1 ±1 

±1 

- 

±1C~ 5 

±0.1 

mA 




f^GATE- TO- SOURCE VOLTAGE (V G sH5V4 


Fig. 3 — Minimum output low (sink) current 
characteristics. 


DR A IN -TO -SOURCE VOLTAGE (V D s>— V 


AMBIENT TEMPERATURE (T A )«25*C 

H I 1 GATE -TO- SOURCE VOLTAGE (V GS ) = -5V 




Fig. 4 — Typical output high ( source ) current 
characteristics. 

DRAIN-T0-S0URCE VOLTAGE (Vqs)— V 


AMBIENT TEMPERATURE (T A )*25°C 

i ff mfH H- HH I HI I 

GAT E -TO-SO URCE VOLTAGE (V GS ) 


Fig. 5 — Minimum output high (source) current 
characteristics. 
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CD4006B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A =25°C Input t r , t f = 20ns, 
C L = 50 pF, R l = 200 KQ 


CHARACTERISTIC 


Propagation Delay Time, 

tpHL' t PLH 


Transition Time, 

tTLH 


Minimum Data Setup Time, 

Minimum Clock Pulse Width, 

% 

Maximum Clock Input Frequency, 
f CL 


Maximum Clock Input Rise or Fall 
Time t r CL, tfCL* 


TEST CONDITIONS 

TYPICAL 

> 

Q 

G 

> 

VALUES 

5 

200 

10 

100 

15 

80 

5 

100 

10 

50 

15 

40 

5 

50 

10 

25 

15 

20 


Input Capacitance, C| [sj 


Any Input 


AMBIENT TEMPERATURE (T A )»25*C 


:::::::: 


tSSL 




piiiiiiiiiiiiiiiii 






ijjijjiijijjii: 

!!!!!!!!!!!!!!!! 




LOAD CAPACITANCE (Cl)— pF 92CS-Z4S2 
Typical transition time as a function of 
load capacitance. 


ENT TEMPERATURE <T A ) = 25°C l-H+H- 




HBmMWMB 



































CD4006B Types 



Fig. 10 — Dynamic power dissipation test Fig. 11 — Quiescent device Fig. 12 - Input voltage test circuit, 

circuit. curren t test circui t 



Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~ 3 inch). 


The photographs and dimensions of each COS /M OS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0. 1 7 mm) larger in both dimensions. 


Dimensions and pad layout for CD4006BH. 
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CD4007UB Types 


COS/MOS 

Dual Complementary 
Pair Plus Inverter 

High-Voltage Types (20-Volt Rating) 

The RCA-CD4007UB types are comprised of 
three n-channel and three p-channel enhance- 
ment-type MOS transistors. The transistor 
elements are accessible through the package 
terminals to provide a convenient means for 
constructing the various typical circuits as 
shown in Fig. 2. 

More complex functions are possible using 
multiple packages. Numbers shown in paren- 
theses indicate terminals that are connected 
together to form the various configurations 
listed. 

The CD4007UBtypes are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Features: 

■ Standardized symmetrical output characteristics 

■ Medium Speed Operation — tpj-jL, tpLH “ 30 ns 
at 10 V 

■ 1 00% tested for quiescent current at 20 V 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

■ Maximum input current of 1 juA at 18 V 
over full package-temperature range; 

100 n A at 18 V and 25°C 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range 
(For T^ = Full Package 

Temperature Range) 

3 

18 

V 



92CS- 25035 

V DD = 14 

Terminal No. 14 — Vpp 
Terminal No. 7 — Vgg 

FUNCTIONAL DIAGRAM 


Applications: 

■ Extremely high-input impedance amplifiers 

■ Shapers 

■ Inverters 

■ Threshold detector 

■ Linear amplifiers 

■ Crystal oscillators 


TERMINAL DIAGRAM 
Top View 


v 00,QiaQ2aQ3(P) 
SUBSTRATES, OKPJORAIN 

— QI(P) SOURCE 

— Q3(N)DRAIN,Q3(P) SOURCE 

— 03 (P) DRAIN 

— Q3 GATES 

— Q3(N) SOURCE 
iOKN) DRAIN 


SOURCE 


02 (P) SOURCE — J 
Q2(P) DRAIN 
Q2 OATES — 
02<N) SOURCE 
02 (N) DRAIN — I 
Ql GATES — 
V ss .Qia02aQ3(N) —] 
SUBSTRATES 01 (N) 



92CS-24449 


STATIC ELECTRICAL CHARACTERISTICS 



CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 
Values at —55, +25, +125 Apply to D,F,H Packages 
Values at -40, +25, +85 Apply to E Package 

UNITS 

vo 

(V) 




+25 

E2BH 

m 



Min. 

Typ. 

Max. 


- 

El 

D 


ESI 

Eza 

7.5 

- 

0.01 

0.25 

juA 

- 

HQ 

m 


0.5 

■ 

15 

- 

0.01 

0.5 

- 

Ed 

m 

i 

7 

B 

30 

- 

0.01 

1 

- 

B 

ggjj 

5 

5 


■El 

- 

0.02 

5 

Output Low 
(Sink) Current 

Iql Min. 

0.4 

EH 



EEBi 


HH 

0.51 

1 

- 

mA 

0.5 

BE 

ns 

na 

MLM 

i., 

0.9 

1.3 

2.6 

- 

1.5 

Em 

■a 

MSM 


ma 

2.4 

34 

6.8 

- 

Output High 
(Source) 

Current, 

Iqh Min - 

4.6 

El 

B 





-0.51 

-1 

- 

2.5 

EP 

5 

- 2 

HO 

BO 

-1.15 

-1.6 

-3.2 

- 

9.5 

Em 

m 

s m 

« 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 


■a 

eb 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage: 
Low-Level, 

VoL Max. 

- 

0,5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage: 
High-Level, 

VoH Min. 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage, 

V|i_ Max. 

4.5 

- 

5 

1 

— 

- 

1 

V 

9 

- 

10 

2 

- 

- 

2 

13.5 

- 

15 

2.5 

- 

- 

2.5 

Input High 
Voltage, 

V|H Min. 

0.5 

- 

5 

4 

4 

- 

- 

1 

- 

10 

8 

8 

- 

— 

1.5 

- 

15 

12.5 

12.5 

- 

- 

Input Current 
l|N Max. 


0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10- 5 

±0.1 
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CD4007UB Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgs Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 1 2 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D, F) 500 mW 

For T A = +1 00 to +1 25°C (PACKAG E TYPES D, F) . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ..... 100 mW 

OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D, F, H ' -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch ( 1 .59 ± 0.79 mm) from case for 10 s max +265°C 


a) Triple Inverters 


(14,2,1 1); (8,13); 
(1,5); (7,4,9) 


b) 3 -Input NOR Gate 3 

10 

(13,2); (1,11); 
(12,5,8); (7,4,9) 




DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C; Input t r , t f = 20 ns, 
C L = 50 pF, R l = 200 KH 


CONDITIONS 


CHARACTERISTIC 


Transition Time 


ALL TYPES 
LIMITS 


VDD 

Volts Typ. 

Propagation Delay Time: 5 55 

tPHL. 10 30 

tPLH 15 25 

5 101 

Transition Time ^HL. io 50 

^ r~f5 4C 

Input Capacitance C||\| Any Input 10 




DZ 



D2 



02 


: nr*- 


♦e 

* n; — 

loar-^ 


X- 

XH 


c) 3-Input NAND Gate 

(1,12,13); (2,14,11); 
(4,8); (5,9) 


d) Tree (Relay) Logic 


!§=1 >>■ 



ALL P-UNIT SUBSTRATES ,| | 

ARE CONNECTED TO Vqd I ' 

ALL N-UNIT SUBSTRATES | 

ARE CONNECTED TO V s$ Vss 92CS-I5329 


COS/MOS OUTPUT PROTECTION 
NETWORK BETWEEN TERMINAL 
NOS. 1,2,4,5,8,9,11,12,13 
AND THE CORRESPONDING 
DRAINS AND/OR SOURCES 





Dl * N f TO P WELL 
D2- P + T0 SUBSTRATE 
Rl = 1-5 Ktl 
R2 S 15-300 



Fig. 1 — Detailed schematic diagram of CD4007UB showing input, output, and parasitic diodes. 


Fig. 2 — Sample COS/MOS logic circuit arrangements 
using type CD4007UB. 
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CD4007UB Types 


e) High Sink-Current Driver 


(OPTIONAL Vqo PULL-UP) 


( 6 , 3 , 10 ); ( 8 . 5 , 12 ); 
( 11 , 14 ); 7 , 4 , 9 ) 


T AMBIENT TEMPERATURE (T A ) * 25 *C 



f) High Source-Current Driver 


( 6 , 3 , 10 ); ( 13 , 1 , 12 ); 
( 14 , 2 , 11 ); ( 7 , 9 ) 



(OPTIONAL Vgg PULL-DOWN) 


g) High Sink - and Source-Current Driver 


h) Dual Bi-Directional Transmission Gating 




I i J ( 1 , 5 , 12 ); ( 2 , 9 ); 

(11 4)- (8 13 . 10 )- 

( 6 , 3 , 10 ); ( 14 , 2 , 11 ); ' ' ' ' 

( 7 , 4 , 9 ); 13 , 8 , 1 , 5 , 12 ) v ss 92CS ‘ 15320 (6 ' 3) 

Fig. 2 — Sample COS/MOS logic circuit arrangements using type CD4007UB (Cont'd). 



Fig. 3 - Typical voltage-transfer characteristics 
for NAND gate. 


AMBIENT TEMPERATURE (T A )*25»CH 



A - SINGLE INPUT ONLY 
B - TWO INPUTS ONLY 
C - THREE INPUTS 
# OTHER INPUTS 
SWITCHED TO GROUND 


F,g. 4 - Typical voltage-transfer characteristics 
for NOR gate. 



DRAIN-TO-SOURCE VOLfAGE(VoS)— V 

Fig. 5 - Typical output low ( sink I 
current characteristics. 


J AMBIENT TEMPERATURE (T A )-23*Cl 


AMBIENT TEMPERATURE (T A I ■ 25*C 


AMBIENT TEMPERATURE (T A )*25 *04 















CD4008B Types 


COS/MOS 4-Bit Full Adder 


With Parallel Carry Out 

High-Voltage Types (20-Volt Rating) 

The RCA-CD4008B types consist of four 
full adder stages with fast look ahead carry 
provision from stage' to stage. Circuitry is 
included to provide a fast “parallel-carry-out" 
but to permit high-speed operation in arith- 
metic sections using several CD4008B's. 
CD4008B inputs include the four sets of bits 
to be added, A-| to A4 and B-] to B4, in 
addition to the "Carry In" bit from a pre- 
vious section. CD4008B outputs include the 
four sum bits. Si to S4. In addition to the 
high speed "parallel-carry-out" which may be 
utilized at a succeeding CD4008B section. 
The CD4008B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


STATIC ELECTRICAL CHARACTERISTICS 


Features: 

■ 4 sum outputs plus parallel look-ahead carry-output 

■ High-speed operation — sum in-to-sum out, 160 ns typ; 
carry in-to-carry out, 50 ns typ. at Vqd = 10 V, 

Cl = 50 pF 

■ Standardized, symmetrical output characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 pA at 18 V 
over full package-temperature range; 100 
nA at 18 V and 25°C 

■ Noise margin (over full package tempera- 
ture range): 1 V at Vqd = 5 V 

2 Vat V DD = 10 V 
2.5 Vat V DD = 15 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative b 4 q 

Standard No. 13A, "Standard Specifications a 4 q 

for Description of 'B' Series CMOS Devices" * 

b 3 o 

Applications: 

■ Binary addition/arithmetic units e A 


CHARACTER- 


LIMITS AT INDICATED TEMPERATURES i°C) 
CONDITIONS Values at -55, +25, +125 Apply to D,F,H Packages 

Values at -40, +25, +85 Apply to E Package 


ISTIC 

Vo 



1 

+25 


(V) 

(V) 

(V) 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

Current, 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

IpD Max- 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 


- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

(Sink) Current 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

Iql Min. 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3 4 

6.8 

- 

Output High 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

(Source) 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

Current, 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 


13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage: 

- 

0,5 

5 

0.05 

- 

0 

0.05 

Low-Level, 

Vql Max. 

- 

0,10 

10 

0.05 

- | 

0 

0.05 


- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage: 

- 

0,5 

5 

4.95 

4.95 

5 

- 

High-Level, 

- 

0,10 

10 

9.95 

9.95 

10 

- 

VoH Min. 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 

0.5, 4.5 

- 

5 

1.5 

— 

- 

1.5 

Voltage, 

1, 9 

- 

10 

3 

- 

- 

3 

V 1 1 _ Max. 

1.5,13.5 


15 

4 

- 

- 

4 

Input High 

0.5, 4.5 

- 

5 

3.5 

3.5 

- 

- 

Voltage, 

1, 9 

- 

10 

7 

7 

- 

— 

V|H Min. 

1.5,13.5 

- 

15 

11 

11 

- 

- 

Input Current 
l||sj Max. 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10-5 

±0.1 


A4 l« 

16 — V DD 

B3 2 

15 — B4 

A3 3 

14 — C 0 

B2 4 

13 — S4 

A2 — 5 

12 — S3 

Bl 6 

II — S2 

A | — 7 

10 — SI 

V SS — 8 

9 — Cl 

TOP 

VIEW 


92CS-24450 

CD4008B 


TERMINAL ASSIGNMENT 




’'ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 

92CS-27643 

Fig. 1 — CD4008B logic diagram. 


TRUTH TABLE 



Bi 

c i 

C 0 SUM 

0 

0 

0 

0 0 

1 

0 

0 

0 1 

0 

1 

0 

0 1 

1 

1 

0 

1 0 
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1 

0 1 

1 

0 

1 

1 0 

0 

1 

1 

1 

1 

1 

1 0 

1 1 


66 . 






CD4008B Types 


RECOMMENDED OPERATING CONDITIONS at Ta = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be 
selected so that operation is always within the following ranges: 



LIMITS 


CHARACTERISTIC 

MIN. 

MAX. 

UNITS 

Supply-Voltage Range (For 




T A = Full Package Temp- 
erature Range) 

3 

18 

V 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgs Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T a = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T a = -55 to +100°C (PACKAGE TYPES D,F) 500 mW 

ForT A = +100 to +125°C (PACKAGE TYPES D, F) . . . Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, H -55 to +1 25°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch (1 .59 ± 0.79 mm) from case for 10s max +265°C 



Fig.3 — Typical sum-in to sum-out propagation delay 
time vs. load capacitance. 



20 40 60 00 100 120 140 

LOAD CAPACITANCE (C L )— pF 

92CS- 28J05 


Fig. 4 — Typical carry-in to carry-out propagation 
delay time vs. load capacitance. 



92CS -33074 

Fig.2— Typical propagation delay for a 16-bit adder (10 V operation). 



Fig. 5 — Typical carry-in to sum-out propagation delay 


time vs. load capacitance. 



Fig. 6 — Typical sum-in to carry-out propagation delay 
time vs. load capacitance. 
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CD4008B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 

At 7"^ - 25° C; Input t r , tf= 20ns, C L = 50 pF, R L = 200kSl 


DRAIN- TO- SOURCE VOLTAGE (V BS )—V 


CHARACTERISTIC 

VDD 

LIMITS 

ALL TYPES 


(V) 

TYP. 

MAX. 

Propagation Delay Time: 

5 

400 

800 

tPHL. tPLH 

10 

160 

320 

Sum In to Sum Out 

15 

115 

230 


5 

370 

740 

Carry In to Sum Out 

10 

155 

310 


15 

115 

230 


5 

200 

400 

Sum In to Carry Out 

10 

90 

180 


15 

65 

130 


5 

100 

200 

Carry In to Carry Out 

10 

50 

100 


15 

40 

80 

Transition Time: 

5 

100 

200 

tTHL, tTLH 

10 

50 

100 


15 

40 

80 

Input Capacitance, C| |\j 

- 

5 

7.5 


AMBIENT TEMPERATURE <T A )*25 
1 I I 111 I | GATE-TO-SOURCE VOLTAGE (V GS ) 


ssssssssss sssssssss sssl 
jiijjjjjjji jiiiiiiif % nil 
siiiiiiiiii iiiiiiili U iiift 

lllllii llilizni i : 55:1 




Fig. 7 — Typical output high (source) 
current characteristics. 
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Fig. 8 — Minimum output high (source) 
current characteristics. 



DRAIN-TO-SOURCE VOLTAGE (V D s)—V 

Fig. 9 — Typical output low (sink) 
current characteristics. 


Hbbbbbbbbbb bbbbbbbbbbbbbbbibbbbbibbbbbibbbbbbbm 

^UBiiBBBBBHIMMIBM 


f GATE-TO-SOURCE VOLTAGE <V G 



DRAIN-TO-SOURCE VOLTAGE (Vos)— V 

Fig. 10 — Minimum output low (sink) 
current characteristics. 



■i sasassai 

lilsiglsllaaljlaail 


Fig. 11 — Typical dissipation characteristics. 




NOTE: 

TEST ANY COMBINATION 
OF INPUTS 


Vss 



MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V DD AND V ss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
VnnORV-.. 


— Quiescent-device-current test circuit. 


Fig. 13 — Input-voltage test circuit. 


Fig. 14 — Input current test circuit. 






CD4008B Types 



82-90 

2.083-2.286) 


•5CS-2TT45 


Dimensions in parentheses are in milli- 
meters and are derived from the basic 
inch dimensions as indicated. Grid 
graduations are in mils ( 10~ 3 inch). 


The photographs and dimensions of each 
COS /MO S chip represent a chip when it 
is part of the wafer. When the wafer is 
cut into chips , the cleavage angles are 
57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated 
chip is actually 7 mils (0. 17 mm) larger 
in both dimensions. 


Dimensions and Pad Layout for CD4008BH 
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CD4009UB, CD4010B Types 

COS/MOS 

Hex Buffers/Converters 

High-Voltage Types (20-Volt Rating) 

Inverting Type: CD4009UB 
Non-Inverting Type: CD4010B 


Features: 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 /jA at 18 V over full 
package-temperature range; 100 nA at 18 V and 25°C 

■ 5-V, 10-V, and 15-V parametric ratings 

Applications: 

■ COS/MOS to DTL/TTL hex converter 

■ COS/MOS current "sink" or "source" 
driver 

■ COS/MOS high-to-low logic-level 
converter 

■ Multiplexer — 1 to 6 or 6 to 1 




The RCA-CD4009UB and CD4010B Hex 
Buffer/Converters may be used as COS/MOS 
to TTL or DTL logic-level converters or 
COS/MOS high-sink-current drivers. 

The CD4049UB and CD4050B are preferred 
hex buffer replacements for the CD4009UB 
and CD4010B, respectively, in all applica- 
tions except multiplexers. For applications 
not requiring high sink current or voltage 
conversion, the CD4069UB Hex Inverter is 
recommended. 

The CD4009U B and CD4010B types are 
supplied in 16-lead hermetic dual-in-line 
ceramic packages (D and F suffixes), 16- 
lead dual-in-line plastic packages (E suffix), 
16-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 


TERMINAL ASSIGNMENTS 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE. (V D d. Vcc) 

(Voltages referenced to Vss Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS . -0.5 to V D D +0-5 V 

DC INPUT CURRENT. ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 1 2 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D.F) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D, F) . . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D, F, H -55 to +1 25°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265°C 


CD4009UB 

FUNCTIONAL DIAGRAM 



| AMBIENT TEMPERATURE (T A )«25»Cf 


lijo-Oo 




CONFIGURATION: 

HEX COS/MOS TO DTL OR TTL 
CONVERTER (INVERTING) 
WIRING SCHEDULE: 

CONNECT Vcc TO DTL OR 
TTL SUPPLY. 

CONNECT V DD TO COS/MOS 
SUPPLY 



Fig. 3 — Minimum and maximum voltage transfer 
characteristics-CD4009UB. 


CONFIGURATION: 

HEX COS/MOS TO DTL OR TTL 
CONVERTER (NON-INVERTING) 

WIRING SCHEDULE: 

CONNECT V CC TO DTL OR 
TTL SUPPLY 

CONNECT V 0D TO COS/MOS 
SUPPLY. 

92SS-4I4IR2 


ALL INPUTS ARE + 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


Fig. 1 — Schematic diagram of CD4009UB— 
1 of 6 identical stages. 


Fig. 2 — Schematic diagram of CD4010B— 
1 of 6 identical stages. 
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CD4009UB, CD4010B Types 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (ForTA= Full 

Package Temperature Range), Vdd 

3 

18 

V 

vcc* 

3 

vdd 

Input Voltage Range (V|) 

Vcc* 

vdd 

V 


*The CD4009UB and CD4010B have high-to-low level voltage conversion capability but not low-to- 
high level, therefore it is recommended that Vqd > V\> VCC- 



Fig. 4 — Typical voltage transfer characteristics 
as function of temp. — CD4009UB. 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 

CONDITIONS 

Limits At Indicated Temperatures (°C) 

Values at —55 ,+25, +125 Apply to D,F,H Pkgs. 
Values at —40, +25, +85 Apply to E Package 

UNITS 



V DD 

(V) 

—55 

-40 

+85 

+125 

+25 

C2QH 

■TW 


Quiescent 

Device 

Current, Iqq 
M ax. 

- 

Egg 

5 

1 

1 



- 




- 

ma 

KLM 

2 

2 



• - 

■ 

hi 

- 

bib 

mm 

4 

4 

SHsl 


- 



- 

ESI 

EM 

w 

■3331 



- 

EE2B : 

a 













WEI 

mm 

5 

Riga 

BcIsM 

msm 

K5M 

3 

4 

IHM 

■ii \m 

PKISl 

MEM 

ia 


■XI 

■21 

8 

am 

a 

■a 

QQ 

m 


EM 

wm 

mm 

El 


a 

■ESHEMb 

EO 


5 


B»iwca 

MU 

BilH 


-0.4 


wm 


MM 






-1.6 


13 

PWil 

10 




Bilclcl 


-0.9 

a 


WBi 

ia 



gggj 


m 

-3 



- 

mm 

5 

0.05 

- 

0 


V 

- 

EB3 

MEM 

0.05 


0 

MM 

- 


ia 

0.05 

- 

0 

ggj 

Output Voltage: 
High-Level, 

Vqh Min. 

- 


5 

4.95 


5 


- 


KEI 

9.95 


3H 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage: 

V 1 1 _ Max. 
CD4009UB 

4.5 

_ 

5 

1 

_ 

_ 

1 

V 

9 

- 

10 

2 

- 

- 

2 

13.5 

- 

15 

2.5 

- 

- 

2.5 

Input Low 

Voltage : 

V|i_ Max. 
CD4010B 

0.5 

_ 

5 

1.5 

- 

- 

1.5 

1 

- 

10 

3 

- 

- 

3 

1.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage: 

V | j_| Min. 
CD4009UB 

0.5 

_ 

5 

4 

4 

_ 

_ 

1 

- 

10 

8 

8 

- 

- 

1.5 

- 

15 

12.5 

12.5 

- 

- 

Input High 
Voltage: 

V|h Min. 
CD4010B 

4.5 

_ 

5 

3.5 

3.5 

— 

- 

9 

- 

10 

7 

7 

- 

- 

13.5 

- 

15 

11 

11 

- 

- 

Input Current, 

1 1 N Max. 

- 

0,18 

18 

±0.1 

±0.1 

±i 

±1 

- 

±10- 5 

±0.1 

juA 


AMBIENT TEMPERATURE ( T A 
COLLECTOR SUPPLY VOLTA 
DRAIN SUPPLY VOLTAGE IV 

1-23 
3E IV 

c 

ccf’ 5v : 

3 V - 

TTTT 
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IS 
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ii 

ji 
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Fig. 5 — Minimum and maximum voltage transfer 
characteristics (V D q=5)— CD40 1 0B. 
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INPUT VOLTS (V|) 

Fig. 6 —Minimum and maximum voltage transfer 
characteristics (V qq-1 0)—CD40 1 0B. 



INPUT VOLTS (V,) 


Fig. 7 — Minimum and maximum voltage transfer 
characteristics (V qq=1 5)— CD40 10B. 
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CD4009UB, CD4010B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A =25°C; Input t r , tf=20 ns. 
C L =50 pF,R L =200 Kil 

1 — all M pkgs 


CHARACTERISTIC 


Propagation Delay Time: 
Low-to-High, tpLH 


High-to-Low, tpuL 


Transition Time: 
Low-to-High, tjLH 


High-to-Low, tjp|L 


Input Capacitance, Cj jvj 
CD4009UB 


V DD 

V| 

Vcc 



(V) 

(V) 

(V) 

TYP. 

MAX. 

5 

5 

5 

70 

140 

10 

10 

10 

40 

80 

10 

10 

5 

35 

70 

15 

15 

15 

30 

60 

15 

15 

5 

30 

60 

5 

5 

5 

100 

200 

10 

10 

10 

50 

100 

10 

10 

5 

50 

100 

15 

15 

15 

35 

70 

15 

15 

5 

35 

70 

5 

5 

5 

30 

60 

10 

10 

10 

20 

40 

10 

10 

5 

15 

30 

15 

15 

15 

15 

30 

15 

15 

5 

10 

20 

5 

5 

5 

65 

130 

10 

10 

10 

35 

70 

10 

,0 

5 

30 

70 

15 

16 

15 

25 

50 

15 

15 

5 

20 

40 

5 

5 

5 

150 

350 

10 

10 

10 

75 

150 

15 

15 

15 

55 

110 

5 

5 

5 

35 

70 

10 

10 

10 

20 

40 

15 

15 

15 

15 

30 

- 

- 

_ 

15 

22.5 

- 

- 

- 

5 

7.5 



Fig. 8 — Typical voltage transfer characteristics 

as a function of temperature— CD401 OB. 



DR AIN -TO- SOURCE VOLTS <V DS > 

92CS-I7 

Fig. 9 — Typical output low (sink) 
current characteristics. 


[AMBIENT TEMPERATURE IT A )-25“C I I I 1 I I j I U 



DRAIN -TO- SOURCE VOLTS (V DS ) 

Fig. 10 — Minimum output low (sink) 
current characteristics. 


ORA IN -TO -SOURCE VOLTAGE { V DS ) 


DRAIN -TO -SOURCE VOLTAGE (V DS )— V 



Fig. 11 — Typical output high (source) 
current characteristics. 


Fig. 12 — Minimum output high ( source ) 
curren t characteristics. 


LOAD CAPACITANCE (C L )-pF 92CS-276! 

Fig. 13 — Typical low-to-high propagation delay 
time vs. load capacitance (CD4009UB). 






HIGH-TO-LOW PROPAGATION DELAY TIME (tp H L>- 


CD4009UB, CD4010B Types 



80 90 100 

. 92CS-27654 


Fig. 14— Typical high-to-low propagation delay 
time vs. load capacitance (CD4009UB). 



Fig. 15 — Typical low-to-high propagation delay 
time vs. load capacitance (CD4010B). 


AMBIENT TEMPERATURE (T A )*25*C | I 

1— BiS 


i 


0 10 20 30 40 50 60 70 80 90 100 

LOAD CAPACITANCE (C L ) — pF 92CS _ 27656 

Fig. 16— Typical high-to-low propagation 

delay time vs. load capacitance (CD4010B). 


llMP 



LOAD CAPACITANCE (C L )-pF 

Fig. 17 — Typical low-to-high transition time 
vs. load capacitance. 



0 10 20 30 40 50 60 70 80 90 

LOAD CAPACITANCE <C L )— pF 

92CS- 27658 

Fig. 18 — Typical high-to-low transition time 
vs. load capacitance. 


IC3 4 8 AMBIENT TEMPERATURE ( T A ) * 25*cU'- 

! ZTT“ Till. _.L xYy/a 




INPUT FREQUENCY (t^l kHz 92 

Fig. 19 — Typical dissipation characteristics. 




Fig. 20 — Quiescent device current 
test circuit. 


NOTE'. 

TEST ANY ONE INPUT, 
WITH OTHER INPUTS AT 

Voo ORV SS 


Fig. 21 — Noise immunity test 
circuit. 



50-58 

(1.270-1.473) 


MD- 

Vss 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V DD AND V ss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 


Fig. 22 — Input current test 
circuit. 


4-10 

(0.102-0.254) 

70-78 

(1.778- 1.981) " 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid Graduations Are In Mils ( 10~ ^ Inch) 

The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0. 1 7 mm) larger in both dimensions. 


Photograph of chip for CD4009UB. 
Dimensions and pad layout for 
CD4010B are identical. 
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CD4011B, CD4012B, CD4023B Types 

COS/MOS NAND Gates 


High-Voltage Types (20-Volt Rating) 

Quad 2 I nput — CD401 1 B 
Dual 4 Input — CD4012B 
Triple 3 Input — CD4023B 

RCA-CD401 IB, CD4012B, and CD4023B 
NAND gates provide the system designer 
with direct implementation of the NAND 
function and supplement the existing family 
of COS/MOS gates. All inputs and outputs 
are buffered. 

The CD4011B, CD4012B, and CD4023B 
types are supplied in 14-lead hermeticdual- 
in-line ceramic packages (D and F suffixes), 
14-lead dual-in-line plastic packages (E'suf- 
fix), 1 4-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 


Features: 

■ Propagation delay time = 60 ns (typ.) at 

C|_ = 50 pF, V DD = 10 V 

■ Buffered inputs and outputs 

■ Standardized symmetrical output characteristics 

■ Maximum input current of 1 juA at 18 V 

over full package temperature range; 

100 nA at 18 V and 25°C 

■ 100% tested for quiescent current at 20 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Noise margin (overfull package temperature 

range: 

1 V at V DD = 5 V 

2 V at V DD = 10 V 
2.5 Vat V DD =15V 

■ Meets all requirements of JEDEC Tentative 
Standard No.13A, "Standard Specifications 
for Description of "B" Series CMOS Devices" 


MAXIMUM RATI NGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgs Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A 40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A 460 to + 85°C (PACKAGE TYPE E) Derate Linearly at 1 2 mW/°C to 200 mW 

For T a 55 to t 100°C (PACKAGE TYPES D,F) 500 mW 

For T a +100 to 4 1 25°C (PACKAGE TYPES D, F). . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE ( T A ) : 

PACKAGE TYPES D, F, H . . . -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stq ) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ‘ 1 '32 inch (1.59 * 0.79 mm) ftom case for 10 s max. ... ... +265°C 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability , nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (For = Full Package 

Temperature Range) 

3 

18 

V 


TERMINAL ASSIGNMENTS 
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CD4012B 


CD4023B 
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CD4011B 

FUNCTIONAL DIAGRAM 



CD4012B 92CS_ 24759 

FUNCTIONAL DIAGRAM 



CD4023B 92CS- 24761 

FUNCTIONAL DIAGRAM 
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CD4011B, CD4012B, CD4023B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 


Quiescent Device 
Current. 

Iqd Max- 


Output High 
(Source) 
Current, 

|QH Min. 

Output Voltage: 
Low-Level, 
Vol Max. 

Output Voltage: 
High-Level, 
Voh Min. 

Input Low 
Voltage, 

V|L Max. 


Input High 


CONDITIONS 

Vo V|N VpD 

(V) (V) (V) 

0,5 5 

~ ojo io~~ 

~ n 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +1 25 Apply to D,F,H Packages 

Values at -40, +25, +85 Appl y to E Package 

I +25 

-55 I -40 I +85 I +125 Min. I Typ. I Max. 


ambient temperature (t a i*25*cC::::::::: 
> : supply voltage^ ! IjJJ 1 is v 


Output Low 0.4 0,5 

IB 

mmwmm 


(§H 

(Sink) Current 0 5 0 10 

I M'»l Midi 

■a 


0.9 

1.3 



'OL M '"- ,.5 0.15 

mm 

msm 

« 

oa 

2.4 

ESI 

6.8 

■ 


JIB 

SSralSI^H 


INPUT VOLTAGE (Vj) — V 

Fig. 1 — Typical voltage transfer characteristics. 


Input Current 
l|N Max. 


-0.9 -1.3 

-2.4 -3.4 



- 

0.5 

5 

0.05 

- 

0 

0.05 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

- 

0.5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

4.5 

- 

5 

1.5 

— 

- 

1.5 

9 

- 

10 

3 

- 

- 

3 

13.5 


15 

4 

- 

- 

4 

0.5, 4.5 

- 

5 

3.5 

3.5 

- 

- 


0,18 18 ±0.1 ±0.1 ±1 


±1 0— 5 ±0.1 AiA 



2 468 2 468 2 468 2 468 

I 10 I0 2 I0 3 H 

INPUT FREQUENCY (fj)— kHz 

92CS *28903 

Fig.2 — Typical power dissipation characteristics. 


ttffj GATE-TO-SOURCE VOLTAGE (Vr.<;H5 V 


DRAIN -TO-SOURCE VOLTAGE (V DS > — 


Fig. 3 — Typical output low (sink) current 
characteristics. 


AMBIENT TEMPERATURE 


WM 

TO-SOURCE VOLTAGE (Vfifi)-IS V-M-4- 

Hi 

llplH 

111 

lllllll 


DRAIN- TO- SOURCE VOLTAGE (V 0S )—V 


DRAIN-TO-SOURCE VOLTAGE (Vos>— V 


Fig.4 — Minimum output low (sink) current 
characteristics. 



Fig. 5 — Typical output high (source) current 
characteristics. 
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Fig. 6 — Minimum output high (source) current 
characteristics. 





CD4011B, CD4012B, CD4023B Types 



V 0D 






Fig. 10 — Typical propagation delay time per gate 
as a function of load capacitance. 


DYNAMIC ELECTRICAL CHARACTERISTICS 

At T a = 25° C; Input t r , tf= 20ns, C = 50 pF, R ^ = 200k Q 


CHARACTERISTIC 

TEST CONDITIONS 

ALL TYPES 

LIMITS 

UNITS 


V DD 

VOLTS 

TYP. 

MAX. 

Propagation Delay Time, 


5 

125 

250 


tPHL, tPLH 


10 

60 

120 

ns 



15 

45 

90 




5 

100 

200 


Transition Time, 


10 

50 

100 

ns 

tTHL.tTLH 


15 

40 

80 


Input Capacitance, C||\] 

Any Input 

5 

7.5 

PF 



92CS -24322 


Fig. 11 — Typical transition time as a function of 
load capacitance. 
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CD4011B, CD4012B, CD4023B Types 


V DD 



Fig. 12 — Quiescent-device-current test circuit. 



OUTPUTS 



NOTE: 

TEST ANY COMBINATION 
OF INPUTS 


92CS-2744IRI 

Fig. 13 — Input-voltage test circuit. 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH V 0D AN0V SS 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
V DD V SS' 


92CS-27402 

Fig. 14 — Input-current test circuit. 


CHIP PHOTOGRAPHS 
Dimensions and Pad Layouts 




CD4011BH 


CD4012BH 


70 

o to to V) 40 vi finfiJr*; 



kcs- m i h 

CD4023BH 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~3 inch). 


The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage angles 
are 57° instead of 90° with respect to the face of 
the chip. Therefore, the isolated chip is actually 
7 mils ( 0.17mm ) larger in both dimensions. 
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CD4011UB, CD4012UB, CD4023UB Types 


COS/MOS NAND Gates 

High-Voltage Types (20-Volt Rating) 

Quad 2 Input — CD401 1 UB 
Dual 4 Input - CD4012UB 
Triple 3 Input - CD4023UB 

The RCA-CD401 1UB, CD4012UB, and 
CD4023UB NAND gates provide the system 
designer with direct implementation of the 
NAND function and supplement the existing 
family of COS/MOS gates. 

TheCD401 1 UB, CD4012UB, and CD4023UB 
types are supplied in 1 4-lead hermetic dual- 
in-line ceramic packages (D and F suffixes), 
14-lead dual-in-line plastic packages (E suf- 
fix), 14-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 


Features: 

■ Propagation delay time = 30 ns (typ). at 

Cl = 50 pF, Vqd = 10 V 

■ Standardized symmetrical output 

characteristics 

■ 100% tested for quiescent current at 

20 V 

■ Maximum input current of 1 /iA at 18 V 

over full package temperature range; 

100 nA at 18 V and 25°C 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 



~ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 



Fig. 1 — Schematic diagram for type CD4012UB. 
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F>9- 2 — Schematic diagram for type CD401 1 UB. 
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I FUNCTIONAL DIAGRAM | 





RECOMMENDED OPERATING 
CONDITIONS 

For maximum reliability, nominal operating 
conditions should be selected so that opera- 
tion is always within the following ranges. 


Fig. 3 - Schematic diagram for type CD4023UB. 


CHARACTERISTIC 

MIN. 

MAX. 

UNITS 

Supply Voltage 
Range (For Ta= 
Full Package Tem- 
perature Range) 

3 

18 

V 
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CD4011UB, CD4012UB, CD4023UB Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgs Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T a = -55 to +100°C (PACKAGE TYPES D, F) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D, F) . . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ..... 100 mW 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE <T stg ) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 



Fig. 4 — Minimum and maximum voltage 
transfer characteristics. 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 


Quiescent Device 
Current, 

Iqd Max- 


Output Low 
(Sink) Current 
Iql Min. 

Output High 
(Source) 
Current, 

IqH Min- 

Output Voltage: 
Low-Level, 
Vol Max. 

Output Voltage: 
High-Level, 
Voh Min. 

Input Low 
Voltage, 

V||_ Max. 

Input High 
Voltage, 

V|H Min. 

Input Current 
l|N Max. 


LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS Values at —55, +25, +1 25 Apply to D,F,H Packages 
Values at -40, +25, +85 Apply to E Package 

7/Z I ! \/nr\ I +25 


v u 
(V) 

- IIM 

(V) 

v uu 
(V) 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 
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0.25 
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0.5 
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0,15 

15 

1 

1 

30 

30 

- 

0.01 

1 

- 

0,20 

20 
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5 
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0.02 

5 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 
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5 

-2 
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- 
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0,10 
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-1.5 
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- 
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15 
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-4 
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- 

- 
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5 

0.05 

- 
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0.05 

- 
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- 
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- 
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Fig. 5 — Typical voltage transfer characteristics 
as a function of temperature. 
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Fig. 6 - Typical multiple input switching transfer 
characteristics for CD4012UB. 
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Fig. 7 - Typical current and voltage transfer 
characteristics. 
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CD4011UB, CD4012UB, CD4023UB Types 


TERMINAL ASSIGNMENTS 
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TOP VIEW 
CD4011UB 


NC = NO CONNECTION 

TOP VIEW 


92CS-24454RI 


r 1 

[— L = GH I 
— J=ABC 


TOP VIEW 
CD4023UB 


CHIP PHOTOGRAPHS 
Dimensions and Pad Layouts 



CD4011UBH 


CD4023UBH 



Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10~^ inch). 


The photographs and dimensions of each 
COS/MOS chip represent a chip when it 
is part of the wafer. When the wafer is 
cut into chips, the cleavage angles are 
57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated 
chip is actually 7 mils (0.17 mm) larger 
in both dimensions. 


CD4012UBH 
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CD4013B Types 


COS/MOS Dual 
‘D’-Type Flip-Flop 

High-Voltage Types (20-Volt Rating) 


The RCA-CD4013B consists of two identical, 
independent data-type flip-flops. Each flip- 
flop has independent data, set, reset, and 
clock inputs and Q and Q outputs. These de- 
vices can be used for shift register applica- 
tions, and, by connecting Q output to the 
data input, for counter and toggle applica- 
tions. The logic level present at the D input 
is transferred to the Q output during the 
positive-going transition of the clock pulse. 
Setting or resetting is independent of the 
clock and is accomplished by a high level on 
the set or reset line, respectively. 

The CD4013B types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


RECOMMENDED OPERATING CONDITIONS 


Features: 

■ Set-Reset capability 

■ Static flip-flop operation — retains state 

indefinitely with clock level either 
“high" or "low" 

■ Medium-speed operation — 16 MHz (typ.) 

clock toggle rate at 10V 

■ Standardized symmetrical output 
characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 pA at 18 V 
over full package temperature range; 

100 nA at 18 V and 25°C 

■ Noise margin (over full package 
temperature range): 1 V at Vdd = 5 V 

2 V at V DD =10 V 
2.5 Vat V dd =15 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

■ Registers, counters, control circuits 



CD4013B 

FUNCTIONAL DIAGRAM 



Fig. 1 — Typical output low (sink) 
current characteristics. 



Fig. 2 — Minimum output low (sink) 
current characteristics. 


DR A IN -TO- SOURCE VOLTAGE (V DS )—V 



Fig. 3 — Typical output high ( source ) 
current characteristics. 


At T £ = 25° C, Except as Noted. For maximum reliability, nominal operating condi- 
tions should be selected so that operation is always within the following ranges: 



V DD 

(V) 

LIMITS 


CHARACTERISTIC 



UNITS 

MIN. 

MAX. 

Supply-Voltage Range 





(For T^ = Full Package 
Temperature Range) 


3 

18 

V 


5 

40 

- 


Data Setup Time tg 

10 

20 

- 

ns 


15 

15 

- 



5 

140 

- 


Clock Pulse Width t w 

10 

60 

- 

ns 


15 

40 

- 



5 


3.5 


Clock Input Frequency f q|_ 

10 

dc 

8 

MHz 


15 


12 



5 

_ 

15 


Clock Rise or Fall Time 

10 




t r CL,*t f CL 

— 

4 



15 

- 

1 



5 

180 

_ 


Set or Reset Pulse Width 

% 

10 

80 

- 

ns 

15 

50 

— 



*lf more than one unit is cascaded in a parallel clocked operation, t f CL should be made less than or equal to 
the sum of the fixed propagation delay time at 15 pF and the transition time of the output driving stage for 
the estimated capacitive load. 
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CD4013B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgs Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL I NPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D, F) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D, F) • . ■ Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 


DYNAMIC ELECTRICAL CHARACTERISTICS 

At T a = 2&C; Input t r , t f = 20 ns, C L = 50 pF, R L = 200 k£l 



TEST 






CONDITIONS 


LIMITS 



CHARACTERISTIC 


V DD 




UNITS 



(V) 

MIN. 

TYP. 

MAX. 


Propagation Delay Time: 


5 

_ 

150 

300 


Clock to Q or Q Outputs 


10 

_ 

65 

130 

ns 

*PHL' *PLH 


15 

- 

45 

90 




5 

- 

150 

300 


Set to Q or Reset to Q tp LH 


10 

- 

65 

130 

ns 



15 

- 

45 

90 




5 . 

- 

200 

400 


Set to Q or Reset to Q tp|_j ^ 


10 

- 

85 

170 

ns 



15 

- 

60 

120 




5 

- 

100 

200 


Transition Time ty^|_, t-p^n 


10 

- 

50 

100 

ns 



15 

- 

40 

80 




5 

3.5 

7 

- 


Maximum Clock Input Frequency 
Frequency # fQj_ 


10 

8 

16 

- 

MHz 


15 

12 

24 

- 




5 

- 

70 

140 


Minimum Clock Pulse Width t ^ 


10 

- 

30 

60 

ns 



15 

- 

20 

40 




5 

- 

90 

180 


Minimum Set or Reset Pulse 

Width tyj 


10 

- 

40 

80 

ns 


15 

- 

25 

50 




5 

- 

20 

40 


Minimum Data Setup Time tg 


10 

- 

10 

20 

ns 



15 

- 

7 

15 




5 

- 

- 

15 


Clock Input Rise or Fall Time 
VCL, x fCL 


10 

15 

- 

- 

4 

Ms 


~ 

— 

1 


Input Capacitance C|^ 

Any Input 

- 

5 

7.5 

PF 


#lnput t r , t f = 5 ns. 



vs. frequency. 


TEST CIRCUITS 



Fig. 10 — Quiescent device current. 



NOTE. 

TEST ANT ONE INPUT. 
WITH OTHER INPUTS AT 
Vdd OR V SS 


92CS- 2T400RI 

Fig. 11 — Input voltage. 



oo 


v 00 


MD- 

v ss 


NOTE 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH V 0D AN0V SS 
CONNECT ALL UNUSED 

INPUTS TO EITHER 

4 V D0 0RV SS 

Vss 


92CS-IU01 


Fig. 12 — Input current. 
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CD4013B Types 


— V 0D 

— Q 2 

— 02 

— CLOCK 2 
_ RESET 2 

— 02 
— SET 2 


TOP VIEW 

92CS-24433RI 

TERMINAL ASSIGNMENT 



DIMENSIONS AND PAD LAYOUT FOR CD4013BH 



_ 54-62 _ 

( 1 . 372 - 1 . 574 ) 


92CM- 30975 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils f 10~ ^ inch). 


The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0.1 7 mm) larger in both dimensions. 
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CD4014B, CD4021B Types 


COS/MOS 8-Stage 
Static Shift Registers 

High-Voltage Types (20-Volt Rating) 

CD4014B: 

Synchronous Parallel or 
Serial Input/Serial Output 

CD4021B: 

Asynchronous Parallel Input or 
Synchronous Serial Input/Serial Output 

The RCA-CD4014B and CD4021B series 
types are 8-stage parallel- or serial-input/ser- 
ial output registers having common CLOCK 
and PARALLEL/SERIAL CONTROL inputs, 
a single SERIAL data input, and individual 
parallel "JAM” inputs to each register stage. 
Each register stage is a D-type, master-slave 
flip-flop. In addition to an output from stage 
8, "Q" outputs are also available from stages 
6 and 7. Parallel as well as serial entry is 
made into the register synchronously with the 
positive clock line transition in the CD4014B. 

In the CD4021B serial entry is synchronous 
with the clock but parallel entry is asyn- 
chronous. In both types, entry is controlled 
by the PARALLEL/SERIAL CONTROL in- 
put. When the PARALLEL/SERIAL CON- 
TROL input is low, data is serially shifted 
into the 8-stage register synchronously with 
the positive transition of the clock line. When 
the PARALLEL/SERIAL CONTROL input 
is high, data is jammed into the 8-stage 
register via the parallel input lines and syn- 
chronous with the positive transition of the 
clock line. In the CD4021B, the CLOCK 
input of the internal stage is "forced" when 
asynchronous parallel entry is made. Register 
expansion using multiple packages is per- 
mitted. 

The CD401 4B and CD4021 B series types are 
supplied in 16-lead hermetic dual-in-line 
ceramic packages (D and F suffixes), 16- 
lead dual-in-line plastic packages (E suffix), 
16-lead ceramic flat packages (K suffix), and 
in chip form (H suffix). 



V DD 

PI-7 

PI-6 

PI-5 


Q7 

SERIAL IN 
CLOCK 

PARALLEL/SERIAL 

CONTROL 


TOP VIEW 92CS-24456 


TERMINAL DIAGRAM 
CD4014B, CD4021B 


Features: 

■ Medium-speed operation ... 12 MHz (typ.) clock 
rate at Vpp— V55 = 10 V 

■ Fully static operation 

■ 8 master-slave flip-flops plus output 
buffering and control gating 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 juA at 18 V 
overfull package-temperature range; 

100 nA at 18 V and 25°C 

■ Noise margin (full package-temperature 

range) = 1 V at Vpp = 5 V 

2 V at VpD = 10 V 
2.5 Vat Vqd = 15 V 

■ Standardized, symmetrical output characteristics 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" Applications: 

■ Parallel input/serial output 
data queueing 

■ Parallel to serial data conversion 

■ General-purpose register 

RECOMMENDED OPERATING CONDITIONS AT T A = 25°C, Unless Otherwise Specified 

For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges. 




LIMITS 


CHARACTERISTIC 

V DD 



UNITS 




(V) 

Min. 

Max. 


Supply-Voltage Range (T A = Full 
Package-Temperature Range) 

- 

3 

18 

V 


5 

180 

- 


Clock Pulse Width, tyy 

10 

80 

- 

ns 


15 

50 

- 



5 

- 

3 


Clock Frequency, fQ^ 

10 

- 

8 

MHz 


15 

- 

8.5 


Clock Rise and Fall Time, 

5 

- 

15 


t r CL, tfCL 

10 

15 

_ 

15 

15 

MS 

Set-up Time, t $ : 





Serial Input 
(ref. to CL) 

5 

10 

120 

80 

- 

ns 

15 

60 

— 


Parallel Inputs 

5 

80 

- 


CD4014B 

10 

50 

- 

ns 

(ref. to CL) 

15 

40 

- 


Parallel Inputs 

5 

50 

- 


CD4021B 

10 

30 

- 

ns 

(ref. to P/S) 

15 

20 

- 


Parallel/Serial Control 

5 

180 

- 


CD4014B 

10 

80 

- 

ns 

(ref. to CL) 

15 

60 

- 


Parallel/Serial Pulse Width, 

5 

160 

- 


t w (CD4021B) 

10 

15 

80 

50 

— 

ns 


5 

280 



Parallel/Serial Removal Time, 

10 

15 

140 

100 


ns 

tREM (CD4021 B) 

- 
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CD4014B, CD4021B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE PANGE, (V DQ ) 

(Voltages referenced to Vgs Terminal ) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT . ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T a = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D.F) 500 mW 

For Ta = +100 to +125°C (PACKAGE TYPES D, F ) . . . Derate Linearly at 1 2 mW/°C to 200 mW 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D, F, H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1 /32 inch ( 1 .59 ± 0.79 mm) from case for 10s max +265°C 



0 5 10 15 


DRAIN-T0-S0URCE VOLTAGE (Vqs> — V 

Fig. 3 — Typical output low (sink) current 
characteristics. 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 

Values at —55, +25, +1 25 Apply to D,F,H Packages 
Values at —40, +25, +85 Apply to E Package 

9 

Vo 

(V) 

V| N 

(V) 

V DD 

(V) 

-55 

-40 

+85 

+125 

+25 | 

Min. 

Typ. 

Max. 

Quiescent 

Device 

Current, 
l DD Max. 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 


- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 
(Sink) Current 
IqL Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

Output High 
(Source) 
Current, 

'oh Min - 

4.6 

0.5 

5 

- 0.64 

- o ; 6 i 

- 0.42 

- 0.36 

- 0.51 

-1 

- 

2.5 

0,5 

5 

-2 

- 1.8 

- 1.3 

- 1.15 

- 1.6 

- 3.2 

- 

9.5 

0,10 

10 

- 1.6 

- 1.5 

- 1.1 

- 0.9 

- 1.3 

- 2.6 

- 

13.5 

0,15 

15 

- 4.2 

-4 

- 2.8 

- 2.4 

- 3.4 

- 6.8 

- 

Output Voltage: 
Low-Level, 
Vql Max. 

- 

0,5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output 

Voltage: 
High-Level, 
Vqh Min - 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

i° 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage 

V| l Max. 

0 . 5 , 4. 5 

- 

5 

1.5 

- 

- 

1.5 

V 

1,9 

- 

10 

3 

- 

- 

3 

1 . 5 , 13.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V | |_j Min. 

0 . 5 , 4. 5 

- 

5 

3.5 

3.5 

- 

- 

1,9 

- 

10 

7 

7 

- 

- 

1 . 5 , 13.5 

- 

15 

11 

11 

- 

- 

Input Current 
l jN Max. 

- 

0,18 

18 

± 0.1 

± 0.1 

±1 

±1 

- 

± 10~ 5 

± 0.1 

juA 



Fig. 4 - Minimum output tow (sink) current 
characteristics. 


DRAIN- TO- SOURCE VOLTAGE (V DS )-V 



Fig. 5 — Typical output high (source) current 
characteristics. 
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Fig. 6 — Minimum output high (source) current 
characteristics. 
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CD4014B, CD4021B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A =25°C, Input t r ,t f =20 r 
C L =50pF, Ri =200 KH 


AMBIENT TEMPERATURE (T A )-25«C 



mmammmmtm 



Propagation Delay Time, 
tpLH' t PHL 

Transition Time, 
t THL' *TLH 


Maximum Clock Input 
Frequency, fri 


Minimum Clock Pulse 
Width, tyy 

Clock Rise and Fall Time, 
t r CL, tfCL* 


Minimum Set-up Time, t 
Serial Input 
(ref. to CL) 


Parallel Inputs 
CD4014B 

(ref, to CL) 15 - 20 40 

Parallel Inputs 5 — 25 50 

CD4021 B 10 - 15 30 ns 

(ref, to P/S) 15 10 20 

Parallel/Serial Control 5 - 90 180 

CD4014B 10 - 40 80 ns 

(ref, to CL) 15 - 30 60 

Minimum Hold Time, tj_|: 5 — — 0 

Serial In, Parallel In, 10 — — 0 ns 

Parallel/Serial Control 15 — — 0 

Minimum P/S Pulse Width, 5 - 80 160 

t wh 10 - 40 80 ns 

(CD4021B) 15 - 25 50 

Minimum P/S Removal Time, 5 — 140 280 

t R E M 10 — 70 140 ns 

CD4021B (ref, to CL) 15 50 100 

Average Input Capacitance, C| Any Input — 5 7.5 pF 

* If more than one unit is cascaded t r CL should be made less than or equal to the sum of the transition 
time and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 



LOAD CAPACITANCE (C L J— pF 


Fig. 7 — Typical transition time as a function of 
load capacitance. 
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CAPACITANCE (C L ) — pF 

92CS- 29869 

Fig. 8 — Typical propagation delay time as a 
function of load capacitance. 


10 g AMBIENT TEMPERATURE (T A )*25*C 




— Cl* 15 pF 
—Cl * so pF b 


CLOCK INPUT FREQUENCY (t CL >-kHl 

92CS-2987I 


Fig. 9 — Typical dynamic power dissipation 

as a function of dock input frequency. 


^d)+-j-v dc 

l o.i a fx 


jiJTJirLj 

cl — (n)— 


Fig. 10 — Dynamic power dissipation test circuit. 
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CD4014B, CD4021B Types 


V DD 



Fig. 1 1 - Quiescent device Fig. 12 - Input voltage test circuit. Fig. 13 Input current test circuit. 


current test circuit. 



When the wafer is cut into chips , the cleavage angles 

are 57° instead of 90P with respect to the face of Dimensions in parentheses are in millimeters and are 
the chip. Therefore, the isolated chip is actually derived from the basic inch dimensions as indicated. 
7 mils (0. 17 mm) larger in both dimensions. Grid graduations are in mils ( 10~ ^ inch). 
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CD4015B Types 


COS/MOS Dual 4-Stage 
Static Shift Register 

With Serial Input/Parallel Output 6t 

High-Voltage Types (20-Volt Rating) J 


Features: 


The RCA-CD4015B consists of two identical, 
independent, 4-stage serial-input/parallel- 
output registers. Each register has indepen- 
dent CLOCK and RESET inputs as well as 
a single serial DATA input. "Q" outputs are 
available from each of the four stages on 
both registers. All register stages are D-type, 
master-slave flip-flops. The logic level pre- 
sent at the DATA input is transferred into 
the first register stage and shifted over one 
stage at each positive-going clock transition. 
Resetting of all stages is accomplished by a 
high level on the reset line. Register expan- 
sion to 8 stages using oneCD4015B package, 
or to more than 8 stages using additional 
CD401 5B's is possible. 

The CD4015B-series types are supplied in 
16-lead hermetic dual-in-line ceramic pack- 
ages (D and F suffixes), 16-lead dual-in-line 
plastic package (E suffix), 16-lead ceramic 
flat package (K suffix), and in chip form (H 
suffix). 


■ Medium speed operation 

12 MHz (typ.) clock rate at Vqq — Vgg = 10 V 

■ Fully static operation 

■ 8 master-slave flip-flops plus input and output buffering 

■ 100% tested for quiescent current at 20 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Standardized, symmetrical output characteristics 

■ Maximum input current of 1 /uA at 18 V 
over full package-temperature range; 

100 nA at 18 V and 25°C 

■ Noise margin (full package-temperature 
range) = 

1 Vat V DD = 5 V 

2 Vat V DD = 10 V 
2.5 Vat V DD = 15 V 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

■ Serial-input/parallel-output data queueing 

■ Serial to parallel data conversion 

■ General-purpose register 



CD4015B 

FUNCTIONAL DIAGRAM 


TERMINAL DIAGRAM 




PROTECTION NETWORK 92CM-E93B3RE 

X » DON’T CARE CASE 

Fig. 1 - Logic diagram ( 1 register). 
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CD4015B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to V55 Terminal) 

INPUT VOLTAGE RANGE. ALL INPUTS - 

DC INPUT CURRENT, ANY ONE INPUT 

POWER DISSIPATION PER PACKAGE (P Q ): 

For T a = -40 to +60°C (PACKAGE TYPE E) 

For T a = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 

For T a = -55 to +100°C (PACKAGE TYPES D. F) 

For T A = +100 to +125°C (PACKAGE TYPES D, F) . . . Derate Linearly at 12 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) . . 

OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D, F. H 

PACKAGE TYPE E 

STORAGE TEMPERATURE RANGE (T st ) 

LE^D TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 $ max. 


. - 0.5 to +20 V 
-0.5 to V dd +0.5V 


500 mW 
mW/°C to 200 mW 
. . 500 mW 

mW/°C to 200 mW 


-55 to +125 C 
-40 to +85°C 
-65 to + 1 50° C 


RECOMMENDED OPERATING CONDITIONS at T^ = 25°C, Except as Noted. For maximum 
reliability, nominal operating conditions should be selected so that operation is always within the 
following ranges: 


CHARACTERISTIC 

Supply-Voltage Range (For T A = Full Package- 
Temperature Range) 


LIMITS 
Min. I Max. 




5 

180 

- 


Clock Pulse Width, 

%CL. 

10 

80 

- 

ns 



15 

50 

- 




5 

- 



Clock Rise and Fall Time, 

t r CL, t f CL 

10 

- 

15 

jus 



15 

- 





5 


3 


Clock Input Frequency, 

f CL 

10 

DC 

6 

MHz 



15 


8.5 




5 

70 

- 


Data Setup Time, 

X SU 

10 

40 

- 




15 

30 

- 

ns 



5 

200 

_ 


Reset Pulse Width, 

% R 

10 

80 

- 




15 

60 

- 



AMBIENT TEMPERATURE (T A >*2 

iiiiinHiiiiinmii 

5*Cl- 

i 

■ iEliiiiijiEi 

I GATE-TO-SOURCE VOLTAGE (V G S>*' 5 V : : : : ; : ; ; ; 






III 


DR AIN-TO- SOURCE VOLTAGE (V DS )-V ^ ^ 

Fig. 2 - Typical output low (sink) current 
characteristics. 
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DRAIN -TO- SOURCE VOLTAGE (VQS> — V 

Fig. 3 - Minimum output low (sink) current 
characteristics. 

DRAIN- TO-SOURCE VOLTAGE (V DS )-V 
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Fig. 4 — Typical output high (source) current 
characteristics. 


DRAIN- T0-S0URCE VOLTAGE <V D s)- 

-15 

AMBIENT TEMPERATURE (T A ) 
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■4 - GATE-TO-SOURCE VOLTAGE (V GS ).-5 


Fig. 5 — Minimum output high (source) curreht 
characteristics. 


AMBIENT TEMPERATURE (T A )-25*C 




20 40 60 BO 100 

LOAD CAPACITANCE <C L >— pF 

92C5-24325 

Fig. 6 — Typical transition time as a function of 
load capacitance. 



O 20 40 60 80 100 

LOAD CAPACITANCE (C|_)— pF 92CS-29673 

Fig. 7 — Typical propagation delay time as a func- 
tion of loadcapacitance. 
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CD401 5B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D,K,F,H Packages 
Values at —40, +25, +85 Apply to E Package 

UNITS 

vo 

(V) 

V|N 

(V) 

v D d 

(V) 


+25 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, 

IDD M ax. 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

pA 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 
(Sink) Current 
lOL Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

34 

6.8 

- 

Output High 
(Source) 
Current, 
lOH Min. 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage: 
Low-Level, 

VoL Max. 

- 

0,5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 


0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage: 
High-Level, 

VOH Min. 


0,5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

~~io 

9.95 

9.95 

10 

- 

— 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage, 

V||_ Max. 

0.5, 4.5 

- 

5 

1.5 

— 

- 

1.5 

V 

1.9 

- 

10 

3 

- 

- 

3 

1.5,13.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V|H Min. 

0.5, 4.5 

- 

5 

3.5 

3.5 

- 

— 

1,9 

_ 

10 

7 

7 

— 

— 

1.5,13.5 

- 

15 

11 

11 

- 

- 

Input Current 
l|N Max. 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10“ 5 

±0.1 

pA 



Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~3 j nc h). 


The photographs and dimensions of each COS /M OS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0. 1 7 mm) larger in both dimensions. 


95-103 

(2.413-2.616) 


92CM-29678 


Photograph of Chip Layout for CD4015B. 
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Fig. 10 — Quiescent device current test 
circuit. 


Fig. 11 — Input voltage test circuit. 
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CD4016B Types 


COS/MOS Quad 
Bilateral Switch 

For Transmission or Multiplexing 
of Analog or Digital Signals 

High-Voltage Types (20-Volt Rating) 


The RCA-CD4016B Series types are quad 
bilateral switches intended for the trans- 
mission or multiplexing of analog or digital 
signals. Each of the four independent bi- 
lateral switches has a single control signal 
input which simultaneously biases both the 
p and n device in a given switch on or off. 
The CD401 6 “B” Series types are supplied in 
14-lead hermetic dual-in-line ceramic pack- 
ages (D and F suffixes), 14-lead dual-in-line 
plastic packages (E suffix), 14-lead ceramic 
flat packages (K suffix), and in chip form (H 
suffix). 


Terminal Assignment 



92CS-27659 


Schematic diagram - 1 of 4 identical sections. 



RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
Features: operation is always within the following range: 

■ 20-V digital or ± 10-V peak-to-peak switching 

■ 280- £2 typical on-state resistance for 15-V operation 

■ Switch on-state resistance matched to within 10 £2 
typ. over 15-V signal-input range 

■ High on/off output-voltage ratio: 

65 dB typ. @ f is = 10 kHz, R L = 10 k£2 



■ High degree of linearity: <0.5% distortion 
typ. @ f j$ = 1 kHz, Vjj = 5 V p . p , 

VDD-VsS^1°V.R L = 10kfi 

■ Extremely low off-state switch leakage 
resulting in very low offset current and 
high effective off-state resistance: 

100 pA typ. @ VdD- v SS=1 8 v , Ta=25°C 

■ Extremely high control input impedance 
(control circuit isolated from signal circuit: 
10*12 n typ. 

■ Low crosstalk between switches: 

-50 dB typ. @ fj s = 0.9 MHz, R l = 1 k£2 

■ Matched control-input to signal-output 
capacitance: 

Reduces output signal transients 

■ Frequency response, switch on = 40 MHz 

(typ.) 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V D[) ) 

(Voltages referfenced to Vgg Terminal! 

INPUT VOLTAGE RANGE. ALL INPUTS 

DC INPUT CURRENT, ANY ONE INPUT (INCLUDING TRANSMISSION GATE) 
POWER DISSIPATION PER PACKAGE (Pp) . 

For T A = -40 to +60 C (PACKAGE TYPE E) 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 

For T A = -55 to +100°C (PACKAGE TYPES D, F) 

For T A = +100 to +125°C (PACKAGE TYPES D, F) . Derate Linearly at 

DEVICE DISSIPATION PER TRANSMISSION GATE 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 
OPERATING-TEMPERATURE RANGE (T A ) . 

PACKAGE TYPES D, F, H 

PACKAGE TYPE E 

STORAGE TEMPERATURE RANGE (T st ) 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max. 


-0.5 to +20 V 
0.5 to V DD +0.5 V 
±1 0 mA 

. . 500 mW 

12 mW/°C to 200 mW 
500 mW 
12 mW/°C to 200 mW 

. . 100 mW 

-55 to + 1 25°C 
-40 to +85°C 
-65 to + 1 50°C 

. . . . +265°C 


■ 100% tested for quiescent current at 20 V 


■ Maximum control input current of 1 p A 
at 18 V over full package temperature 
range; 100 n A at 18 V at 25°C 

■ 5-V, 10-V, and 15-V parametric ratings 

Applications: 

■ Analog signal switching/multiplexing 

Signal gating ■ Modulator 

Squelch control ■ Demodulator 

Chopper ■ Commutating switch 

■ Digital signal switching/multiplexing 

■ COS/MOS logic implementation 

■ Analog-to-digital & digital-to- 
analog conversion 

■ Digital control of frequency, impedance, 
phase, and analog-signal gain 



INPUT SIGNAL VOLTS tV, s ) 

92CS-27660 

Fig. 7 — Typ. on-state characteristics for 1 of 4 
switches with Vqq =+15 V, V ss V. 



INPUT SIGNAL VOLTS (V, s > 

92CS- 27661 


Fig. 2— Typ. on-state characteristics for 1 of 4 
switches with V DD = + 10 V, V ss = 0 V. 
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CD4016B Types 


ELECTRICAL CHARACTERISTICS 


Characteristic 

Test Conditions 

LIMITS AT INDICATED 
TEMPERATURE (°C) 

Values at -55, +25, +125 Apply 
to D, F, H Packages 

Values at -40, +25, +85 Apply to 

E Package 

u 

N 

1 

T 

S 


m 

|Q| 


■ ' ■ 


[Wi 


mi 


W5 

ns 

B| 

Quiescent Device 
Current, Iqq 



Ea 

ta 


ctei 

mm 

ME 




0,10 

10 

0.5 

0.5 

■B 

ME 

Will 

BUS 

0,15 

15 

1 

1 

30 

30 

0.01 

■1 

0,20 

20 

5 

5 

■Rl 

■RJ 


m 

Signal Inputs (V is ) and Output (V os ) 

On-State 
Resistance, r Qn 
Max. 

V C = V DD 
R L =10kS2 
Returned 

to 

V DD -V SS 

v is~ v DD or V SS 

10 

600 

610 

840 

960 


660 


V js =4.75 to 5.75 V 

10 

1870 

1900 

2380 

2600 

- 

2000 

V is =v DD or V SS 

15 

360 

370 

520 

600 

_ 

400 

2 

V js =7.25 to 7.75 V 

15 

775 

790 

1080 

1230 

- 

850 

AOn-State 
Resistance 
Between Any 

2 Switches, Ar on 

R L =iokn, v c = v DD 

5 

- 

- 

- 

- 

15 

- 

h 

10 

- 

- 

- 

- 

10 

- 

15 

- 

- 

- 

- 

5 

- 

Total Harmonic 
Distortion, 

THD 

V C =V DD =5V - VsS--5V.V is( p.p) 
= 5 V (Sine wave centered on 0 V) 
Rl= 10 k£2, fj s =1 kHz sine wave 

■ 

- 

I 

l 

0.4 

l 

B 

— 3dB Cutoff 
Frequency 
(Switch on) 

V C =V D D = 5 V . V SS =-5V, 

Vjs(p.p) =5V (Sine wave 
centered on 0 V) Rl= 1 k £2, 

■ 

- 

I 

i 

H 

■ 


-50dB Feed- 
through 
Frequency 
(Switch off) 

Vq =v ss= ~ 5 v - v is( P p)= 5v 

(Sine wave centered on 0 V) 

R L = 1 \kn 

1 

- 

1 

1 

H 

- 

■ 

Input/Output 
Leakage Current 
(Switch off) 
lj s Max. 

v c = ov 

Vis = 18V.V os =0V; 

v js = ov. 

V 0S =18V 

18 

±0.1 

±0.1 

±1 

±1 


±0.1 

pA 

-50 dB 

Crosstalk 

Frequency 

V C (A) = V DD = +5 V, 

V C (B) = V SS = — 5 V, 
V is (A)=5V p . p , 

50 £2 source 

R l = 1 k£2 


1 

1 

1 

1 

0.9 

1 


Propagation 

Delay (Signal 
Input to Signal 
Output) t pd 

R |_ - 200 kft 

v c = Vp^, Vss = GND ' 

Vjs = 10 V (Square 
wave centered on 5 V 
t r , tf = 20 ns 

5 

_ 


_ 

_ 

40 

100 

ns 

10 

- 

- 

- 

- 


n 

15 

— 

— 

~ 

— 

15 

30 

Capacitance: 
Input, Cj s 

Output, C os 
Feedthrough, 
G ios 

V DD = +5 v 

V c = Vss = -6V 


_ 

_ 

_ 

_ 

4 

- 



- 

- 

- 

- 

4 

- 

PF 


- 

- 

- . 

- 

0.2 

- 



■■■ 
■ ■■ 

■ ■■ 

■ ■■ 
mmm 
■■■ 

■■■ 

Issssssss:::: 

::::::: 

iniiif 

■■■■■■I 

■■■■■■> 

■SSSSSSSSS 

■■■■■■■■■■ 

■■■■■■■■■■ 

•ummmmmumm 

|:::ssss:s 

liiiiii 


IP 






sssssa 

iiiiiiiiBaHUHHHHHIiH 


0 12 3 4 5 

INPUT SIGNAL VOLTS (V, s ) 

92CS-27662 


Fig. 3—Typ. on-state characteristics for 1 of 4 



INPUT SIGNAL VOLTS IV, s ) 

92CS-2766J 


Fig. 4— Typ. on-state characteristics for 1 of 4 

switches with V DD = + 7.5 V, V ss -=-7.5 V. 



Fig. 5— Typ. on-state characteristics for 1 of 4 
switches with V DD = +5 V, V ss = -5 V. 


SUPPLY 

AM9EN 

VOLTS: V DD 
TEMPERAT 

* + 2. 

■URE 

5V, 

Tft) 

•'ss 

2 

i 

* -2 .5 V 

5*C 





■ 1 

■ 1 

| 




m 

Hi::::: 


mmma 

mamm 

■■■■ 

if 

rz 


■ 1 




■ 1 

■ 




OUTPUT SIGNAL 

w - O 

■ ■■■■ 

MMMZf 

^■ii 

f iiin 

■■■■■ 

■■■■■ 



\l 

o— 

:V v oo 


ic 

j 

1 

V|, 

— 1 

b 

0 




^ 





1 +* 






-3-2-IOI23 
INPUT SIGNAL VOLTS (V| S ) 


Fig. &— Typ. on-state characteristics for 1 of 4 

switches with V DD = +2.5 V, V§ s = -2.5 V. 
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CD4016B Types 


ELECTRICAL CHARACTERISTICS (cont'd) 






LIMITS AT INDICATED 
TEMPERATURE (°C) 


U 

N 

Characteristic 

Test Conditions 


Values at - 

55, +25, +125 Apply to 




D, F, 

H Packages 







Values at —40, +25, +85 Apply to 

J 



V DD 

E Package 



| +25 

s 












(V) 

-55 

-40 

+85 

+125 

Typ. 

Max. 


Control (Vq) 


Control Input 

|l is l< 10/aA 









Low Voltage, 
V ILC (Max.) 

v is = V SS' V 0S = V DD 
and 

5,10, 

15 

0.9 

0.9 

0.4 

0.4 

- 

0.7 

V 


V is = V DD< V 0S = V SS 









Control Input 

See Fig. 1 

5 



3.5 (Min.) 




High Voltage, 

10 



7 (Min.) 



V 

V IHC 


15 



11 (Min.) 




Input Current, 

V is ^ V DD 

V D D-VSS = 18V 









'in (Max.) 

18 

±0.1 

±0.1 

±1 

±1 

±10-5 

±0.1 

pA 

Vcc^ Vdd - V SS 









Crosstalk (Con- 

Vc=10 V(Sq.Wave) 









trol Input to 

t r , tf = 20 ns 

10 

- 

- 

- 

- 

50 

- 

mV 

Signal Output) 

rl = 10kn 









Turn-On 

c 

o 

CM 

II 

5 

- 

- 

- 

- 

35 

70 


Propagation 

C[_ = 50 pF 

10 

_ 

_ 

_ 

_ 

20 

40 

ns 

Delay 

RL = 1 kft 

15 

- 

- 

- 

- 

15 

30 


v is = v D n, v S s = gnd, 
RL = 1 kS2 to gnd, 









Maximum 

C L = 50 pF, 









Control Input 

Vc = 10 V(Square 

10 

_ 

_ 

_ 

_ 

10 


MHz 

Repetition Rate 

wave centered on 5 V) 








t r , tf = 20 ns, 

V os = % V os @ 1 kHz 









Input 










Capacitance, 



— 

— 

— 

— 

5 

7.5 


C IN 










VDD 

(V) 

Switch Input [ 

Switch Output 

V os (V) 

Vis 

(V) 

lj s (mA) 

— 55°C 

— 40°C 

25° C* 

25°0 

+85°C 

+125°C 

Min. 

Max. 

5 

0 

0.25 

0.2 

0.2 

0.16 

0.12 

0.14 

- 

0.4 

5 

5 

-0.25 

-0.2 

-0.2 

-0.16 

-0.12 

-0.14 

4.6 

- 

10 

0 

0.62 

0.5 

0.5 

0.4 

0.3 

0.35 

- 

0.5 

10 

10 

-0.62 

-0.5 

-0.5 

-0.4 

-0.3 

-0.35 

9.5 

- 

15 

0 

1.8 

1.4 

1.5 

1.2 

1 

1.1 

- 

1.5 

15 

15 1 

-1.8 

-1.4 

-1.5 

-1.2 

-1 

-1.1 

13.5 

- 


* Plastic package A Ceramic package 


— -lis— 

CD40I6B 



1 OF 4 SWITCHES 
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92CS- 27666 


Fig. 7— Typ. on-state characteristics as a function of 
temp, for 1 of 4 switches with Vqq = +5 V, 
V SS =-5V. 



Fig. 8 - Typ. feedthru vs. frequency - switch 
off. 



92CS- 16080 

Fig. 9— Typical crosstalk between switch 
circuits in the same package. 



92CS-I6070 


Fig. 1 0— Determination of r Qn as a test condition for control input 
high voltage (V/hc^ specification. 


Fig. 11 - Typical frequency response 
— switch on. 
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CD4016B Types 


TYPICAL ON-STATE RESISTANCE CHARACTERISTICS, T A = 25°C 


CHARAC- 

TERISTIC* 

SUPPLY 

CONDITIONS 

LOAD 

CONDITIONS 

R l = 1kS2 

R l = 10k£2 

R l = 100kl2 | 

V DD 

IV) 

V SS 

(V) 

VALUE 

IS2) 

Vis 

(V) 

VALUE 

(S2) 

V is 

(V) 

VALUE 

U2) 

V is 

(V) 

r on 

+ 15 

0 

200 

+ 15 

200 

+ 15 

180 

+ 15 

200 

0 

200 

0 

200 

0 

r on (max.) 

+ 15 

0 

300 

+ 11 

300 

+9.3 

320 

+9.2 

r on 

+10 

0 

290 

+ 10 

250 

+ 10 

240 

+10 

290 

0 

250 

0 

300 

0 

r on (max.) 

+ 10 

0 

500 

+7.4 

560 

+5.6 

610 

+5.5 

r on 

+ 5 

0 

860 

+ 5 

470 

+ 5 

450 

+ 5 

600 

0 

580 

0 

800 

0 

-r on (max.) 

+ 5 

0 

1.7k 

+4.2 

7k 

+2.9 

33k 

+2.7 

r on 

+7.5 

-7.5 

200 

+7.5 

200 

+7.5 

180 

+7.5 

200 

-7.5 

200 

-7.5 

180 

-7.5 

r on (max.) 

+7.5 

-7.5 

290 

±0.25 

280 

±25 

400 

±0.25 

r on 

+ 5 

- 5 

260 

+ 5 

250 

+ 5 

240 

+ 5 

310 

- 5 

250 

- 5 

240 

- 5 

r on (max.) 

+ 5 

- 5 

600 

±0.25 

580 

±0.25 

760 

±0.25 

r on 

+2.5 

-2.5 

590 

+2.5 

450 

+2.5 

490 

+2.5 

720 

-2.5 

520 

-2.5 

520 

-2.5 

r on (max.) 

+2.5 

-2.5 

232k 

±0.25 

300k 

±0.25 

870k 

±0.25 


* Variation from aperfect switch, r Qn = 0 Tt. 



SCALE: X = 0.2 ms/DIV „Y = 2.0 V/DIV+ 

VDD = Vc = +7.5V, VsS = 7.5V, Rl = lOKft 
Cl = 15 

f IS = 1 KHz Vis = 5V p p 
DISTORTION = 0.2 % 

92CS-276I2 

Fig. 14 — Typical sine wave response of Vqq = 

+ 7.5 V, V SS = -7.5 V. 



SCALE: X = 0.2 ms/DIV Y = 2.0 V/DIV 
Vdd = Vc = + 5 V, VSS = 5 V, Rl = 10KH 
C L = 15 pF 

f IS = 1 KHz Vis = 5 V p p 
DISTORTION = 0.4 % 

92CS-276I3 

Fig. 15 - Typical sine wave response of Vqq 
+5 V, Vss = V. 


T_I 


92CS- 27667 


Fig. 12 - Off-state switch input or output 
leakage current test circuit. 



CONNECTED TO Vss 

9ZCS-Z7668 

Fig. 13 - Test circuit for square-wave 
response. 



SCALE: X = 0.2 ms/DIV Y = 2.0 V/DIV 
Vdd = Vc = +2.5V. VSS = 25V. Rl = 10 KS 2 
C L = 1 5 pF 

f IS = 1 KHz V|S= 5V p p 
DISTORTION = 3 % 

92CS- 27614 

Fig. 16 — Typical sine wave response of Vqq 
+2.5 V, V S S = ~ 2 - 5 V- 



SCALE: X = 100 ns/DIV 
Y = 5.0 V/DIV 


92CS-276I5 


Fig. 17 — Typical square wave response at 
Vqq - Vq = +15 V, I /55 * Gnd. 



SCALE: X = 100 ns/DIV 
Y = 5.0 V Dl V 

92CS- 27616 



Fig. 18 — Typical square wave response at Vqq = 
V c = +10 V, Vss = Gnd. 


Fig. 19 — Typical square wave response at Vqq 
= V C = +5 V, V S S = Gnd. 
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CD4016B Types 


VjtQ-^ — CD40I6B — ^-Q v < 


ALL UNUSED TERMINALS ARE 
CONNECTED TO Vss 

92CS-27669 


V C 


Vos WITH test unit 

1 1 SWITCH OF C04016A 
PLUGGED IN TEST 
FIXTURE! 


VOS FIXTURE ALONE 
(NO UNIT TERM 
5 TO 3 OF SOCKET) 



V c - 10V PER DIV 
VOS - 0 2V PER DIV 
1 lOOnsPER DIV ‘ 


92CS-276I8 


(a) 


Fig.20 - Crosstalk-control input to signal output. 


(b) 



v ss 6 4 


ALL UNUSED TERMINALS 
ARE CONNECTED TO V SS 


Fig. 21 - Propagation delay time signal input 
(V/s) to signal output (Vos). 


v c • 


t r * tf*20ns 




O 


92CS-27672 

SWITCH THRESHOLD VOLTAGE IS DEFINED 
AS THE VOLTAGE APPLIED TO A TRANS- 
MISSION GATE CONTROL WHICH CAUSES 
10 m A OF TRANSMISSION GATE CURRENT. 



MEASURED ON BOON TON CAPACITANCE 
MIDGE MODEL 79A (I MHz) 


V C «-5V 

U- T 

| 

V3S--SV 

C|,_±_ 

Vdo-+5V 

1 


1 

4- 



92CS-27622 


Fig. 22 — Max. control-input repetition rate. 


Fig.23 - Switch threshold voltage. 


Fig. 24 - Capacitance C/qs and CqS- 



49-57 

( I 245-1.447) 


92CM -30918 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10~^ inch). 


The photographs and dimensions of each 
COS/MOS chip represent a chip when it 
is part of the wafer. When the wafer is 
cut into chips, the cleavage angles are 
57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated 
chip is actually 7 mils ( 0.17 mm) larger 
in both dimensions. 
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CD4017B, CD4022B Types 

COS/MOS Counter/Dividers 


High-Voltage Types (20-Volt Rating) 
CD401 7 B— Decade Counter with 
10 Decoded Outputs 
CD4022B-Octal Counter with 
8 Decoded Outputs 

The RCA-CD4017B and CD4022B are 5- 
stage and 4-stage Johnson counters having 
10 and 8 decoded outputs, respectively. 
Inputs include a CLOCK, a RESET, and a 
CLOCK INHIBIT signal. Schmitt trigger 
action in the CLOCK input circuit provides 
pulse shaping that allows unlimited clock 
input pulse rise and fall times. 

These counters are advanced one count at 
the positive clock signal transition if the 
CLOCK INHIBIT signal is low. Counter 
advancement via the clock line is inhibited 
when the CLOCK INHIBIT signal is high. 
A high RESET signal clears the counter to 
its zero count. Use of the Johnson counter 
configuration permits high-speed operation, 
2-input decode-gating and spike-free de- 
coded outputs. Anti-lock gating is provided, 
thus assuring proper counting sequence. The 
decoded outputs are normally low and go 
high only at their respective decoded time 
slot. Each decoded output remains high for 
one full clock cycle. A CARRY-OUT signal 
completes one cycle every 10 clock input 
cycles in the CD4017B or every 8 clock 
input cycles in the CD4022B and is used to 


Features: 

■ Fully static operation 

■ Medium-speed operation . . . 

10 MHz (typ.) at Vpp = 10 V 

■ Standardized, symmetrical output 
characteristics 

■ 100% tested for quiescent current at 20 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

■ Decade counter/decimal decode display 
(CD4017B) 

■ Binary counter/decoder 

■ Frequency division 

■ Counter control/timers 

■ Divide-by-N counting 

■ For further application information, 
see ICAN-6166 "COS/MOS MSI 
Counter and Register Design and 
Applications" 

ripple-clock the succeeding device in a multi- 
device counting chain.- 
The CD401 7B and CD4022B-series types are 
supplied in 16-lead hermetic dual-in-line 
ceramic packages (D and F suffixes), 16- 
lead dual-in-line plastic package (E suffix), 

1 6-lead ceramic flat packages (K suffix), and 
in chip form (H suffix). 



RECOMMENDED OPERATING CONDITIONS 


For maximum reliability , nominal operating conditions should be selected so that operation 
is always within the following ranges: 




92CS-24459RI 


TOP VIEW 
CD4017B 

TERMINAL DIAGRAM 


1 — 7# w IT" — v od 

0 — 2 15 — RESET 

2 — 3 14 — CLOCK 

5 — 4 13 — CLOCK INHIBIT 

6 — 5 12 — CARRYOUT 

NC 6 II — 4 

3 — 7 10 — 7 

V SS — 8 9 — NC 

92CS-24464RI 

TOP VIEW 

NC - no connection 

CD4022B 

TERMINAL DIAGRAM 
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CD4017B, CD4022B Types 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, ( Vqq) 

(Voltages referenced to V SS Terminal) ... 

INPUT VOLTAGE RANGE, ALL INPUTS 

DC INPUT CURRENT, ANY ONE INPUT 

POWER DISSIPATION PER PACKAGE (Pq): 

For T a = -40 to +60°C (PACKAGE TYPE E) 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Line 

For T a = -55 to +100°C (PACKAGE TYPES D, F) 

For T A = +100 to +125°C (PACKAGE TYPES D, F) . Derate Line; 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 
OPERATING-TEMPERATURE RANGE (T A ) 

PACKAGE TYPES D, F, H 

PACKAGE TYPE E 

STORAGE TEMPERATURE RANGE (T $t ) 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max. 


-0.5 to +20 V 

-0.5 to V DD +0.5 V 
±10 mA 

500 mW 

Derate Linearly at 1 2 mW/°C to 200 mW 

500 mW 

Derate Linearly at 12 mW/°C to 200 mW 


-55 to +125 C 
-40 to +85°C 
-65 to + 1 50°C 


AMBIENT TEMPERATURE (Ta)*23*C- TT T " " ” " 

3 ||1|1|c* t E-T0-S(xIrCE VOLTAGE (VgsHS 

MBSm 


0RAIN-T0-S0URCE VOLTAGE ( Vqs ) — V 

Fig. 5— Typical output low (sink) current 
characteristics. 


I AMBIENT TEMPERATURE (T A )-25*C 4 


f GATE - TO- SOURCE VOLTAGE (V 6 s)-I5V4 


STATIC ELECTRICAL CHARACTERISTICS 

























































CD4017B, CD4022B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 

At T A = 25°C, Input t r , t f = 20 ns, C L = 50 pF, Ri = 200 k£2 


CHARACTERISTIC 

CLOCKED OPERATION 


Propagation Delay Time, tpj_j L , 
Decode Out 


Carry Out 


Transition Time, tj^^. tTLH 
Carry Out or Decode Out Line 


Maximum Clock Input Frequency, f^L* 
Minimum Clock Pulse Width, tyy 


Clock Rise or Fall Time, t r CL, tfCL 


RESET OPERATION 


CONDITIONS 1 

v dd (v) Min. T yp- Max 





Minimum Clock Inhibit 
to Clock Setup Time, t s 

5 

10 

15 

Input Capacitance, Cjjvj 

Any Input 


100 

45 

30 


UNLIMITED 


115 
50 
35 I 70 








LOAD CAPACITANCE (C L ) — pF 

O — Typical transition time as a function 
of load capacitance. 

AMBIENT TEMPERATURE (T A )-25«C | | | | | { | | j t tttttftttl 


|is£»iiS 


LU-Lii 1 Ooltage 


s :::::::::::::: 
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LOAD CAPACITANCE (C L ) — pF 92CS . J0945 

Fig. 11 — Typical propagation delay time as a 
function of load capacitance (dock 
to decode output). 
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CD4017B, CD4022B Types 



Fig. 14 — Quiescent-device- 
current test circuit 
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92CS- 30950 


Fig. 17 — Dynamic power dissipation test circuit. 


Fig. 15 - input-leakage current. 



Fig. 18 - Divide by N counter (N ^ 10) with N 
decoded outputs. ■ 


Fig. 16 — Input-voltage test circuit. 

When the Nth decoded output is reached 
(Nth clock pulse) the S-R flip flop (con- 
structed from two NOR gates of the 
CD4001B) generates a reset pulse which 
clears the CD4017B or CD4022B to its zero 
count. At this time, if the Nth decoded out- 
put is greater than or equal to 6 in the CD- 
40176 or 5 in the CD4022B, the Cqut line 
goes high to clock the next CD4017B or CD- 
40226 counter section. The "0" decoded 
output also goes high at this time. Coinci- 
dence of the clock low and decoded "0" 
output low resets the S-R flip flop to enable 
the CD4017B or CD4022B. If the Nth de- 
coded output is less than 6 (CD4017B) or 5 
(CD4022B), the Cqut *' ne W 'H not 9° high 
and, therefore, cannot be used. In this case 
"0" decoded output may be used to perform 
the clocking function for the next counter. 



CD4017BH 


CD4022BH 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~3 inch). 


The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0. 1 7 mm) larger in both dimensions. 
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CD4018B Types 


COS/MOS Presettable 
Divide-By-'N’ Counter 

High-Voltage Types (20-Volt Rating) 

The RCA-CD4018B types consist of 5 
Johnson-Counter stages, buffered Q outputs 
from each stage, and counter preset control 
gating. CLOCK, RESET, DATA, PRESET 
ENABLE, and 5 individual JAM inputs are 
provided. Divide by 10, 8, 6, 4, or 2 counter 
configurations can be implemented by 
feeding the Q5, Q4, Q3, Q2, Q1 signals, 
respectively, back to the DATA input. 
Divide-by-9, 7, 5, or 3 counter configura- 
tions can be implemented by the use of a 
CD4011B to gate the feedback connection 
to the DATA input. Divide-by functions 
greater than 10 can be achieved by use of 
multiple CD4018B units. The counter is 
advanced one count at the positive clock- 
signal transition. Schmitt Trigger action on 
the clock line permits unlimited clock rise 
and fall times. A high RESET signal clears 
the counter to an all-zero condition. A high 
PRESET-ENABLE signal allows information 
on the JAM inputs to preset the counter. 
Anti-lock gating is provided to assure the 
proper counting sequence. 

The CD401 8B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Features: 

■ Medium speed operation 10 MHz (typ.) at 

V D D-V S S=10V 

■ Fully static operation 

■ 100% tested for quiescent current at 20 V 

■ Standardized, symmetrical output characteristics 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Maximum input current of 1 /JtA at 18 V over full package- 
temperature range; 100 nA at 18 V and 25°C 

■ Noise margin (full package-temperature 

range) = 1 V at Vpp = 5 V 

2 Vat V DD = 10 V 
2.5 Vat V DD = 15V 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 


Applications: 

■ Fixed and programmable divide-by-10, 9, 8, 
7, 6, 5, 4, 3, 2 counters 

■ Fixed and programmable counters greater 
than 10 

TERMINAL DIAGRAM " Pro 9 rammable decade counters 

Top View ■ Divide-by-"N" counters/frequency 

synthesizers 

data — (i« ^ iel— v dd ■ Frequency division 

jam i — 2 15 — reset ■ Counter control/timers 

JAM 2 — 3 14 — CLOCK 

0 2 — 4 15 — Q5 

Q I — 5 12 — JAM 5 

03 — 6 II — OT 

JAM 3 — 7 10 — PRESET ENABLE 

V SS 8 9 — JAM A 

92CS-24460 



MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE. (V DD ) 

(Voltages referenced to V 55 Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pp). 

For T a = -40 to +60 q O C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85 C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T a = —55 to +100°C (PACKAGE TYPES D, F) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D, F> . . . Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (£11 Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D, F. H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T st ) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 
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CD4018B Types 


RECOMMENDED OPERATING CONDITIONS at T^ = 25°C, Unless Otherwise Specified 

For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges. 


CHARACTERISTIC 

O 

□ 

> 

Min. 

Max. 

UNITS 

Supply Voltage Range (at T^ = Full Package- 





Temperature Range) 


3 

18 

V 


5 


3 


Clock Input Frequency, f q|_ 

10 

- 

7 . 

MHz 


15 

- 

8.5 



' 5 

160 

- 


Clock Pulse Width, tyy 

10 

70 

- 

ns 


15 

50 

- 



5 




Clock Rise & Fall Time, t r CL,tfCL 

10 

Unlimited 

Ms 


15 





5 

40 

- 


Data Input Set-Up Time, tg 

10 

12 

- 

ns 


15 

16 

- 



5 

140 

- 


Data Input Hold Time, t^ 

10 

80 

- 

ns 


15 

60 

- 



5 

160 



Preset or Reset Pulse Width, tyy 

10 

70 

- 

ns 


15 

50 

- 



5 

80 

- 


Preset or Reset Removal Time 

10 

30 

- 

ns 


15 

20 

- 




Fig. 1 — Logic diagram. 



Fig. 2 — Detail of a typical stage. 
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CD4018B Types 



Fig. 5 — Typical output high ( source ) current 
characteristics. 
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Fig. 6 — Minimum output high (source) current 
characteristics. 



LOAD CAPACITANCE (C U ) — pF 92CS-24322 

Fig. 7 — Typical transition time as a function of 
load capacitance. 


AMBIENT TEMPERATURE (T a )*25*C II I 1 1 II II 


LOAD CAPACITANCE (C L )- p F 92cs _ 2 

Fig. 8 - Typical propagation delay time as a 
function of load capacitance 
(CLOCK to Q). 


© 











CD4018B Types 


DYNAMIC ELECTRICAL CHARATERISTICS at T A = 25 
C L = 50 pF, R L = 200 kft 


CHARACTERISTIC ' co 1 

CLOCKED OPERATION 

Propagation Delay Time; 
t PLH' tPHL 

Transition Time; 
t THL' t TLH 

Maximum Clock Input 
Frequency, fQ|_ 

Minimum Clock Pulse Width, 

% 

Clock Rise & Fall Time; 
t r CL,t f CL 

Minimum Data Input Set-Up 
Time. tg 

Minimum Data Input Hold 
Time, t H 

Average Input Capacitance, C| Any Input 

PRESET* OR RESET OPERATION 

Propagation Delay Time; 

Preset or Reset to Q 

t PLH> t PHL __ 

Minimum Preset or Reset 
Pulse Width, 

*W 

Minimum Preset or Reset 
Removal Time 


* At PRESET ENABLE or JAM Inputs. 


TEST CONDITIONS 

I V DD (V) 


C, Input t r ,tf = 20 ns, 

LIMITS [ units 

Min. I Typ. I Max. 


5 

200 

400 

10 

90 

180 

15 

65 

130 

5 

100 

200 

10 

50 

100 

15 

40 

80 

5 3 

6 

- 

10 7 

14 

- 

15 8.5 

17 

- 

5 

80 

160 

10 

35 

70 

15 

25 

50 

5 



10 l 

Jnlimited 

1 

15 



5 

20 

40 

10 

6 

12 

15 

3 

6 

5 

70 

140 

10 

40 

80 

15 

30 

60 

- 

5 

7.5 


5 

275 

550 

10 

125 

250 

15 

90 

180 

5 

80 

160 

10 

35 

70 

15 

25 

50 

5 

40 

80 

10 

15 

30 

15 

10 

20 


AMBIENT TEMPERATURE (T A )*25*Ct 




LOAD CAPACITANCE (C|_>- pF 9 2 C s- 2984 < 

Fig. 9 — Typical propagation delay time as a 
function of load capacitance 
(RESET to Q). 



CLOCK FREQUENCY (f CL )-kHi 92CS-29852 

Fig. 10- Typical dynamic power dissipation 
as a function of dock input 
frequency. 



Fig. 11 — Quiescent device 
current test circuit 



t note. 

Vcc TEST ANY CCmSINATICN 

Of INPUTS 

92CS-2744IRI 


MD* 

Vss 


MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH V 00 ANO V ss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
V D0 0RV SS 



Fig. 12 - Input voltage test circuit. 


Fig. 13 — Input current test circuit. 


_L 92CS-2985I 

Fig. 14 — Dynamic power dissipation test circuit 







CD4018B Types 



Fig. 15 — Timing diagram. 



0 10 20 30 40 50 60 70 80 



Dimensions and pad layout for CD4018B, 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~3 j nc h). 


The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0. 1 7 mm) larger in both dimensions. 
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Features: 

■ Medium-speed operation 

• ■ • t PHL = t PLH = 60 ns (typ.) atC L = 50pF, V DD = 10 V 

■ Standardized, symmetrical output characteristics 

■ 100% tested for quiescent current at 20 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative Standard 
No. 13A, "Standard Specifications for Description of 'B' 
Series CMOS Devices" 

■ Maximum input current of 1 /iA at 18 V 
over full package-temperature range; 100 
nA at 18 V and 25°C 

■ Noise margin (full package-temperature 

range) = 1 V at V/pp = 5 V 

2 Vat V DD = 10 V 
7.5 Vac V DD = 15 V 


CD4019B Types 

COS/MOS Quad 
AND/OR Select Gate 

High-Voltage Types (20-Volt Rating) 

The RCA-CD4019B types consist of four 
AND/OR select gate configurations, each 
consisting of two 2-input AND gates driving 
a single 2-input OR gate. Selection is ac- 
complished by control bits K a and K^. In 
addition to selection of either channel A or 
channel B information, the control bits can 
be applied simultaneously to accomplish 
the logical A + B function. 

The CD4019B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgs Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T a = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D,F) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D, F) Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F. H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch (1.59 ± 0.79 mm) from case for 10s max +265°C 



CD4019B 

FUNCTIONAL DIAGRAM 


Applications: 

■ AND-OR select gating 

■ Shift-right/shift-left registers 

■ True/complement selection 

■ AND/OR/Exclusive-OR selection 


TERMINAL DIAGRAM 
Top View 



D4 = A4 Ka+B4 Kb 
D3*A3Ka+B3Kb 
D2«A2Ka + B2Kb 
DI = AI Ka + BI Kb 


TRUTH TABLE 




Ka 

Kb 

An 

Bn 

Dn 

1 

0 

1 

X 

1 

1 

0 

0 

X 

0 

0 

1 

X 

1 

1 

0 

1 

X 

0 

0 

0 

0 

X 

X 

0 

1 

1 

0 

0 

0 

1 

1 

0 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 


X = Don't Care 


INPUTS PROTECTED 
BY COS/MOS 
PROTECTION NETWORK 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating 
conditions should be selected so that operation 
is always within the following ranges: 


CHARACTERISTIC 

VDD 

(V) 

Min. 

Max. 

Units 

Supply-Voltage Range 
(For T a - Full Package 
Temperature Range) 

- 

3 

18 

V 


Fig. 1 — Schematic diagram for 1 of 4 identical stages. 
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CD4019B Types 


STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS Values at -55, +25, +125 Apply to D, F, H Packages 
CHARAC- Values at —40, +25, +85 Apply to E Package 

TERISTIC — 7T Iw... Iw__ I I I I +5R 


Quiescent 

Device 

Current, I qq 
M ax. 

Output Low 
(Sink) 

Current 
I q |_ Min. 

Output High 
(Source) 
Current, 

I 0 h M'n- 

Output Voltage: 
Low-Level, 


Output Voltage 
High-Level, 
Vqj_| Min. 

Input Low 


V 1 1 Max. 


Input High 
Voltage, 

V 1 1_| Min. 

Input Current 
l )N Max. 


V 0 

(V) 

V|N 

(VI 

V DD 

(V) 

-55 

-40 

+85 

+125 

Min. 

+25 

Typ. 

Max. 


0,5 

5 

1 

1 

30 

30 

- 

0.02 

1 

- 

0,10 

10 

2 

2 

60 

60 

- 

0.02 

2 

- 

0,15 

15 

4 

4 

120 

120 

- 

0.02 

4 


0,20 

20 

20 

20 

600 

600 

- 

0.04 

20 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

_ 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 


13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 


- 

0,5 

5 

0.05 

- 

0 

0.05 

- 

0,10 

10 

0.05 

- 


0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

0.5, 4.5 

- 

5 

1.5 

- 

- 

1.5 



U.O.H.O 

1,9 

1.5,13.5" 


0,18 18 ±0.1 ±0.1 


I AMBIENT TEMPERATURE (T*)- 23*044 


-rrr) GATE-TO-SOURCE VOLTAGE (V GS )-I3 V 



DRAIN -TO -SOURCE VOLTAGE (Vos) — V ^ 

Fig. 2 — Typical output low (sink) current 
characteristics. 
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DR AIN -TO- SOURCE VOLTAGE (VdS> — V 

Fig. 3 — Minimum output low (sink) current 
characteristics. 
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Fig. 4 — Typical output high (source) current 
characteristics. 
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Fig. 5 — Minimum output high (source) current 
characteristics. 


Fig. 6 — Typical transition time as a function of 
load capacitance. 


Fig. 7 - Propagation delay time as a function 
of load capacitance. 






CD4019B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r , tf = 20 ns, C L = 50 pF, 

R L = 200 k£2 


CHARACTERISTIC 


TEST 

CONDITIONS 




Vdd 

(V) 

Min. 

Typ. 

Max. 


Pronsnation Holav/ Timo* 


5 

- 

150 

300 


r i upayauuil L/cldy I III It;, 

tpi U, tpui 1 


10 

- 

60 

120 

ns 

run* rn L 


15 

- 

50 

100 




5 

- 

100 

200 


Transition Time; 


10 

- 

50 

100 

ns 

tTHL- *TLH 


15 

- 

40 

80 


Input Capacitance, Cjjvj 

All A and B 

Inputs 

- 

5 

7.5 

pF 


K a and K b 

Inputs 

- 

10 

15 

pF 


AMBIENT TEMPERATURE (Ta)*25*C 

MIM 

- 

p:: 

— 


E 



— 

kE: 


J 

zk 

- 4 - . 

— L — . 


Cl* 50 pF 

C L *15 pF 


res 1 2 4 eel 2 4 eel 2 4 6 81 2 4 6 8' 

10 I0 2 10 s I0 4 I0 5 

INPUT FREQUENCY ( f | N > — kHz 

92CS-29884 


Fig. 8 — Typical dynamic power dissipation 
as a function of input frequency. 
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X°ip F 


12 


Cl k 
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Cl k 


7 10 


C L If 

6 

6 9 

— 
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X£>- 

Vss 


» note: 

Vss TEST ANY COMBINATION 

OF INPUTS 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Vq 0 AND V ss - 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
v do orv ss . 


Fig. 9 — Dynamic power dissipation 
test circuit. 


Fig. 10 - Quiescent device Fig. 1 1 — Input voltage test circuit. Fig. 12 - Input current test circuit, 
current test circuit. 


TYPICAL APPLICATIONS 


"B" REGISTER 


! Lqi \M\ 
jLLJ □ 

[CD4013B 0R_EQUIV_ 


! Lififl Lffl 

i □ □ 

[C 0401 38 ORJEgUJV. 


_(K b > 

SELECT 
"B" REGISTER 


t OlU-i Md 2 0 2 |— | — ' i 0, OlH | D 2 q 2 I" 


ss LJ LU 

OUTPUT ^CD40V3B_ I OR EOUIV;. 


Fig. 13 — AND/OR select gating. 


Fig. 14— "Shift left /shift right" register. 
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CD4019B Types 


TYPICAL APPLICATIONS (CONT'D) 



(Kg) 

TRUE 

SELECT 



Fig. 15 — AND/OR Exclusive- OR selector. 


Fig. 16— "True complement" selector. 



79 - 87 

(2 007-2 209) 


92CM- 29890 


Dimensions and pad layout for CD4019BH 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (1 0~3 inch). 


The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0. 17 mm) larger in both dimensions. 
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CD4020B, CD4024B, CD4040B Types 


COS/MOS Ripple-Carry 
Binary Counter/Dividers 

High-Voltage Types (20-Volt Rating) 

CD4020B — 14 Stage 
CD4024B — 7 Stage 
CD4040B — 12 Stage 

RCA-CD4020B, CD4024B, and CD4040B 
are ripple-carry binary counters. All counter 
stages are master-slave flip-flops. The state 
of a counter advances one count on the 
negative transition of each input pulse; a high 
level on the RESET line resets the counter to 
its all zeros state. Schmitt trigger action on 
the input-pulse line permits unlimited rise 
and fall times. All inputs and outputs 
are buffered. 

The CD4020B and CD4040B types are 
supplied in 16-lead hermetic dual-in-line 
ceramic packages (D and F suffixes), 16-lead 
dual-in-line plastic packages (E suffix), 16- 
lead ceramic flat packages (K suffix), and in 
chip form (H suffix). 

The CD4024B types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Features : 

■ Medium-speed operation 

■ Fully static operation 

■ Buffered inputs and outputs 

■ 100% tested for quiescent current at 20 V 

■ Standardized, symmetrical output characteristics 

■ Fully static operation 

■ Common reset 

■ 5-V, 10- V, and 15-V parametric ratings 

■ Maximum input current of 1 jJtA at 18 V 
over full package-temperature range; 

100 nA at 18 V and 25°C 

■ Noise margin (over full package-tempera- 
ture range): 1 Vat V dd = 5 V 

2 Vat V DD = 10 V 
2.5 Vat V DD = 15 V 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

■ Control counters ■ Frequency dividers 

■ Timers ■ Time-delay circuits 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to V$s Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ). 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T a = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 1 2 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D,F) 500 mW 

For T a = +100 to +125°C (PACKAGE TYPES D, F) . . . Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 


OPERATING-TEMPERATURE RANGE (T A ): 


PACKAGE TYPES D. F, H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 


STORAGE TEMPERATURE RANGE (T stg ) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 


TERMINAL ASSIGNMENTS 


CD4020B CD4024B CD4040B 
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CD4020B, CD4024B, CD4040B Types 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Unless Otherwise Specified 

For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges: 

CHARACTERISTIC V DD Min. Max. UNIT! 

Supply Voltage Range (at T^ = Full Package- 

Temperature Range) 3 18 V 

5 - 3.5 

Input-Pulse Frequency, f a 10—8 MHz 


Input-Pulse Width, 


Input-Pulse Rise or Fall Time, 


Reset Pulse Width, 


Reset Removal Time, 


^DD 

Min. Max 


3 18 

5 

3.5 

10 

8 

15 

12 

5 

140 

10 

60 

15 

40 

5 


10 

Unlimited 

15 


5 

200 

10 

80 

15 

60 

5 

350 

10 

150 

15 

100 


V 

■^TTUr 



r 

0 



Y 



u 


0 

0 

*OH FIRST 

STAGE ONLY 



Fig. 4 — Detail of typical flip-flop stage. 
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Fig. 5 — Typical output low (sink) current 
characteristics. 
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Fig. 1 — Logic diagram for CD4020B. 
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Fig. 2 — Logic diagram for CD4024B. 
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Fig. 6 — Minimum output low (sink) current 
characteristics. 
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Fig. 3 — Logic diagram for CD4040B. 


Fig. 7— Typical output high (source) current 
characteristics. 
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CD4020B, CD4024B, CD4040B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r , t f = 20 ns, 
C L = 50 pF, R L = 200 k£2 




LIMITS 


CHARACTERISTIC 

TEST 

CONDITIONS 

V DD 

(V) 

Min. 

Typ. 

Max. 

UNITS 

Input-Pulse Operation 

Propagation Delay Time, 0 to 
Q 1 Out; t PHL , tp LH 


5 

- 

180 

360 



10 

- 

80 ‘ 

160 

ns 


15 

- 

65 

130 


Q n to Q n + 1 ; 

'PHL' *PLH 


5 

- 

100 

200 



10 

- 

40 

80 

ns 


15 

- 

30 

60 


Transition Time, 

X THU *TLH 


5 

- 

100 

200 



10 

- 

50 

100 

ns 


15 

- 

40 

80 


Minimum Input-Pulse 

Width, tyy 


5 

- 

70 

140 



10 

- 

30 

60 

ns 


15 

- 

20 

40 




5 





Input-Pulse Rise or Fall 


10 

Unlimited 


jus 

Time, t r 0, t f ^ 


15 





Maximum Input-Pulse 
Frequency, 


5 

3.5 

7 

- 



10 

8 

16 

- 

MHz 


15 

12 

24 

- 


Input Capacitance, C| 

Any Input 

- 

5 

7.5 

pF 

Reset Operation | 

Propagation Delay 

Time, tpm_ 


5 

- 

140 

280 



10 

- 

60 

120 

ns 


15 

- 

50 

100 


Minimum Reset Pulse 

Width, tyy 


5 

- 

100 

200 



10 

- 

40 

80 

ns 


15 

- 

30 

60 


Reset Removal Time, 

t REM 


5 

- 

175 

350 



10 

- 

75 

150 

ns 


15 

- 

50 

100 




Fig. 10 — Typical propagation delay time as a 
function of load capacitance 
(0 to Qj). 



Fig. 1 1 - Typical dynamic power dissipation as a 
function of input pulse frequency for 
CD4020B. 



Fig. 12 — Dynamic power dissipation test circuit 
for CD4020B. 



Fig. 13 — Quiescent device 
current test circuit. 



92CS-2744 I Rl 



Fig. 14 - Input voltage test circuits. 


Fig. 15 — Input current test circuit. 
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CD4026B, CD4033B Types 


COS/MOS 

Decade Counters/Dividers 


High-Voltage Types (20-Volt Rating) 

With Decoded 7-Segment Display Outputs and: 
Display Enable — CD4026B 
Ripple Blanking - CD4033B 


Features: 

■ Counter and 7-segment decoding in one package 

■ Easily interfaced with 7-segment display types 

■ Fully static counter operation: DC to 6 MHz (typ.) 
atV DD =10V 

■ Ideal for low-power displays 

■ Display enable output (CD4026B) 

■ '"Ripple blanking" and lamp test (CD4033B) 

■ 100% tested for quiescent current at 20 V 

■ Standardized, symmetrical output 

characteristics 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Schmitt-triggered clock inputs 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13 A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications 

■ Decade counting 7-segment decimal 
display 

■ Frequency division 7-segment decimal 
displays 

■ Clocks, watches, timers 

(e.g. -F60, t 60, -r 12 counter/display) 

■ Counter/display driver for meter 
applications 


The RCA-CD4026B and CD4033B each con- 
sist of a 5-stage Johnson decade counter 
and an output decoder which converts the 
Johnson code to a 7-segment decoded out- 
put for driving one stage in a numerical 
display. 

These devices are particularly advantageous 
in display applications where low power 
dissipation and/or low package count are 
important. 

Inputs common to both types are CLOCK, 
RESET, & CLOCK INHIBIT; common 
outputs are CARRY OUT and the seven 
decoded outputs (a, b, c, d, e, f, g). Addi- 
tional inputs and outputs for the CD4026B 
include DISPLAY ENABLE input and 
DISPLAY ENABLE and UNGATED "C- 
SEGMENT" outputs. Signals peculiar to the 
CD4033B are RIPPLE-BLANKING INPUT 
AND LAMP TEST INPUT and a RIPPLE- 
BLANKING OUTPUT. 

A high RESET signal clears the decade 
counter to its zero count. The counter is 
advanced one count at the positive clock 
signal transition if the CLOCK INHIBIT 
signal is low. Counter advancement via the 
clock line is inhibited when the CLOCK 
INHIBIT signal is high. The CLOCK INHI- 
BIT signal can be used as a negative-edge 
clock if the clock line is held high. Antilock 
gating is provided on the JOHNSON counter, 
thus assuring proper counting sequence. The 
CARRY-OUT (Cp Ut ) signal completes one 
cycle every ten CLOCK INPUT cycles and 
is used to clock the succeeding decade di- 
rectly in a multi-decade counting chain. 
The seven decoded outputs (a, b, c, d, e, f, g) 
illuminate the proper segments in a seven 


segment display device used for representing 
the decifnal numbers 0 to 9. The 7-segment 
outputs go high on selection in the CD4033B; 
in the CD4026B these outputs go hi^h only 
when the DISPLAY ENABLE IN is high. 



TERMINAL DIAGRAMS 
Top View 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (V DD ) 

{Voltages referenced to Vgs Terminal) . ... . 


-0.5 to +20 V 



INPUT VOLTAGE RANGE, ALL INPUTS 
DC INPUT CURRENT, ANY ONE INPUT 


-0.5 to V DD +0.5 V 
. . . ±10 mA 


CD4026B 


POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T a = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 1 2 mW/°C to 200 mW 

For T a = -55 to +100°C (PACKAGE TYPES D,F) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D, F ) . . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D, F, H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1 /32 inch ( 1 .59 ± 0.79 mm) from case for 1 0 s max +265°C 
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CD4026B, CD4033B Types 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that operation is 
always within the following ranges: 


CHARACTERISTIC 

Vdd 




(V) 




Supply-Voltage Range (For T^ = Full Package 




n 

Temperature Range) 


3 



Clock Input Frequency, fQL 

B 

■ 

MH 



IB 

■ 




E9 


8 

■ 

Clock Pulse Width, l WCL 

5 

220 

_ 



10 

100 

- 



15 

80 

- 


Clock Rise and Fall Time, *rCL' *fCL 

B 










B 




Clock Inhibit Set Up Time, tgy 

5 

1 




10 


- 



15 

30 

- 


Reset Pulse Width, tyy 

5 

200 

_ 



10 

100 

- 



15 

50 

- 


Reset Removal Time 

5 

30 

_ 



10 

15 

- 



15 

10 

- 



STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 
Values at —55, +25, +125 Apply to D, F,H Packages 
Values at -40, +25, +85 Apply to E Package 

UNITS 

v 0 

(V) 

V|N 

(V) 

_ < 

< O 

— o 


+25 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, 

1 DD Max. 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

pA 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 
(Sink) Current 
Iql Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

Output High 
(Source) 

Current, 

Iqh Min - 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage: 
Low-Level, 

Vol Max. 

- 

0,5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage: 
High-Level, 

VqH Min. 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 ^ 

- 

Input Low 
Voltage, 

V| i_ Max. 

0.5, 4.5 

- 

5 

1.5 

— 

- 

1.5 

V 

1,9 

- 

10 

3 

- 

— 

3 

1.5,13.5 

- 

15 

4 

- 

- 

4 1 

Input High 
Voltage, 

V|H Min. 

0.5, 4.5 

- 

5 

3.5 

3.5 

- 

- 

1,9 

- 

10 

7 

7 

- 

- 

1.5,13.5 


15 

11 

11 

- 

- 

Input Current 
l|N Max. 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10“ 5 

±0.1 

JiA 


CD4026B 

When the DISPLAY ENABLE IN is low the 
seven decoded outputs are forced low re- 
gardless of the state of the counter. Acti- 
vation of the display only when required 
results in significant power savings. This 
system also facilitates implementation of 
display-charaqter multiplexing. 

The CARRY OUT and UNGATED "C- 
SEGMENT" signals are not gated by the 
DISPLAY ENABLE and therefore are avail- 
able continuously. This feature is a re- 
quirement in implementation of certain di- 
vider functions such as divide-by-60 and 
divide-by-1 2. 

CD4033B 

The CD4033B has provisions for automatic 
blanking of the non-significant zeros in a 
multi-digit decimal number which results in 
an easily readable display consistent with 
normal writing practice. For example, the 
number 0050.0700 in an eight digit display 
would be displayed as 50.07. Zero suppres- 
sion on the integer side is obtained by con- 
necting the RBI terminal of the CD4033B 
associated with the most significant digit in 
the display to a low-level voltage and con- 
necting the RBO terminal of that stage to 
the RBI terminal of the CD4033B in the 
next-lower significant position in the dis- 
play. This procedure is continued for each 
succeeding CD4033B on the integer side of 
the display. 

On the fraction side of the display the RBI 
of the CD4033B associated with the least 
significant bit is connected to a low-level 
voltage and the RBO of that CD4033B is 
connected to the RBI terminal of the 
CD4033B in the next more-significant-bit 
position. Again, this procedure is continued 
for all CD4033B's on the fraction side of the 
display. 

In a purely fractional number the zero 
immediately preceding the decimal point can 
be displayed by connecting the RBI of that 
stage to a high level voltage (instead of to the 
RBO of the next more-significant-stage). 
For example: optional zero 0.7346. 
Likewise, the zero in a number such as 763.0 
can be displayed by connecting the RBI of 
the CD4033B associated with it to a high- 
level voltage. 

Ripple blanking of non-significant zeros 
provides an appreciable savings in display 
power. 

The CD4033B has a LAMP TEST input 
which, when connected to a high-level volt- 
age, overrides normal decoder operation and 
enables a check to be made on possible 
display malfunctions by putting the seven 
outputs in the high state. 

The CD4026B- and CD4033B-series types 
aresupplied in 16-lead hermetic dual-in-line 
ceramic packages (D and F suffixes), 16- 
lead dual-in-line plastic packages (E suffix), 
16-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 
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CD4026B, CD4033B Types 


UD Ql— • — D 0 J r D Q— — D Q_. — |0 QU 
cl-Icl cl- cl cl- cl cl- cl IoJcl 
o 5 n 6^-1 5O-1 r 5 - I 5QM 


14 - UNGATED “C" 
^ SEGMENT 



Fig. 3 — CD4026B timing diagram. 


* ALL INPUTS PROTECTED 
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Fig. 1 - CD4026B logic diagram. 
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Fig. 2 - CD4033B logic diagram. 
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Fig. 6 — Typical n-channel output low (sink) 
current characteristics. 
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Fig. 4 - CD4033B timing diagram. 
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Fig. 5 — Detail of typical flip-flop stage for both types. 
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Fig. 7 - Minimum n-channel output low (sink) 
current characteristics. 


Fig. 8 — Typical p-channel output high (source) 
current characteristics. 




CD4026B, CD4033B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r , t f = 20 ns , , 
C L = 50 pF, R L = 200 kSl 


CHARACTERISTIC 

TEST 

CONDITIONS 


LIMITS 

UNITS 


VDD 

(V) 

Min. 

Typ. 

Max. 

| CLOCKED OPERATION ] 

Propagation Delay Time; tp|_H' t PHL 

Carry-Out Line 


5 

_ 

250 

500 

ns 

10 

- 

100 

200 

15 

- 

75 

150 

Decode Outlines 


5 

_ 

350 

700 

10 

- 

125 

250 

15 

_ , 

90 

180 

Transition Time; ty j_j U t TLH 

Carry-Out Line 


5 

— 

100 

200 

10 

- 

50 

100 

15 

- 

25 

50 

Maximum Clock Input Frequency, f£j_A 


5 

2.5 

5 

- 

MHz 

10 

5.5 

11 

_ 

15 

8 

16 

_ 

Min. Clock Pulse Width, t w 


5 

_ 

110 

220 

ns 

10 

_ 

50 

100 

15 

— 

40 

80 

Clock and Clock Inhibit Rise or Fall Time; 

l rCL* t fCL 


5 

Unlimited 

10 

15 

Average Input Capacitance, C| N 

Any Input 

- 

5 

7 

PF 

| RESET OPERATION | 

Propagation Delay Time; 

To Carry-Out Line, tp L H 


5 

_ 

275 

550 

ns 

10 

- 

120 

240 

15 

— 

80 

160 

To Decode Out Lines, *p\-\[_, tp|_|_j 


5 

— 

300 

600 

10 

- 

125 

250 

15 

_ 

90 

180 

Min. Reset Pulse Width, tyy 


5 

- 

100 

120 

10 

- 

50 

100 

15 

_ 

25 

50 

Min. Reset Removal Time 


5 

- 

0 

30 

10 

- 

0 

15 

15 

- 

0 

10 


A Measured with respect to carry-out line. 


DRAIN -TO- SOURCE VOLTAGE (V D s)— V 



Fig. 9 - Minimum p-channel output high (source) 
current characteristics. 



Fig. 10 — Typical propagation delay time as a 
function of load capacitance for 
decoded outputs. 



Fig. 11 — Typical propagation delay time as a 
function of load capacitance for 
carry-out outputs. 
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SUPPLY VOLTAGE (V D0 )—V 92CS-3I703 

Fig. 12 — Typical maximum clock input-frequency 
as a function of supply voltage. 
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TYPICAL DYNAMIC POWER DISSIPATION (Pq) — 


CD4026B, CD4033B Types 




Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~3 j n ch). 



Dimensions and pad layout for CD4033B. 


The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0.17 mm) larger in both dimensions. 
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CD4026B, CD4033B Types 


INTERFACING THE CD4026B AND CD4033B WITH COMMERCIALLY AVAILABLE 
7-SEGMENT DISPLAY DEVICES* 

(Refer to RCA Application Note ICAN-6733 for detailed interfacing information) 





ASSUMED CD4O40UB 

TRANSISTOR 

CHARACTERISTICS 3 V cc = 10 V (min.) 

&dc (min.) >25 V 0 0 < 2 V 

V CE (*o».)< 0.5V I J = 8 mA (min.) 

V DD , 8 V (min., V ^3.5VT06V 

l B =lmA(min.) 

l T = 24 mA (min.) ? ^ v 

V o *'0*’ < 0.6 V 


LOW-POWER INCANDESCENT READOUTS 

PINI.ITKS INC- Scries O and R 

TV UK RKQt'IRKMKSTS: V T «Vi mA So; 


ASSUMED 
TRANSISTOR 
CHARACTERISTICS 
Bi'c (min.)> 30 
V CE(*"»-)^ °- 5V 
: Vcc> 3.5 V (min.) 

Iq > 0.25 mA (min.) 
Ij S 7.5 mA (min.) 


Ij = 5mA (min.) 
V T al.5 V TO 3.5 V 


" The interfacing buffers shown, while a necessity with the CD4026A and CD4033A, are not required when 
using the "B" devices; the "B” outputs 10 times the "A" outputs) can drive most display devices 
directly especially at voltages above 10 V. 

WITH V 0 N s 18 V MEDIUM BRIGHTNESS 

v D0 Vt * '™ V 0C u IN LOW AMBIENT LIGHT BACKGROUND 

f t IDD WILL RESULT. THE POINT OF NO 

i ^ toft A\ I NOTICEBLE GLOW IS V 0FF a 4.5V 

, 1 1 | SEGMENTS m I CD4026B/ \ 

:LCK * SJES' ft" CD4033B ( 




NEON READOUT (NIXIE TUBE*) 

1. Alco Electronics - MG 19 

2. Burroughs - B5971, B7971, B8971 

TUBE REQUIREMENTS V T (Vdc) mA 

Alco MG 19 180 ... . 

Burroughs B5971 . . . . 170 .... 

Burroughs B7971, 88971 . 170 . . . . 

* (Trademark) Burroughs Corp. 

TRANSISTOR CHARACTERISTICS 
Leakage with transistor cutoff - 0.05 mA 

V (BR)CER > V T 

P dc (min.) >30 92< 


mA Segment 
0.5 


13.5V 7 | 

V^mOE ^SEGMENTS 


LOW VOLTAGE VACUUM FLUORESCENT 1 1 AC 

READOUTS i 

1. Tung-Sol DIGIVAC S/G t Type DT1704A or DT1705C 

2. Nippon Electric (NEC); Type DG12E or LD915 
TUBE REQUIREMENTS: 100 to 300 pA/segment 
at tube voltages of 12 V to 25 V depending on 
required brightness Filament requirement 45 mA 
at 1.6 V, ac or dc. 

t (Trademark) Wagner Electric Co. 
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CD4027B Types 


COS/MOS Dual J-K ^ tcapabHity 

Master-Slave Flip-Flop j ■ Static flip-flop operation - retains state indefinitely 

I with clock level either "high" or "low" 

High-Voltage Types (20-Volt Rating) ■ Medium speed operation - 16 MHz (typ.) clock toggle 

rate at 10 V 

The RCA-CD4027B is a single monolithic . standardized symmetrical output characteristics 
chip integrated circuit containing two iden- . 

tical complementary-symmetry J-K master- 9 1 00 & tested for quiescent current at 20 V 

slave flip-flops. Each flip-flop has provi- ■ Maximum input current of 1 juA at 18 V over 

sions for individual J, K Set Reset, an£ , uM package-temperature range; 100 nA at 

Clock input signals. Buffered Q and Q 18Vand25°C 

signals are provided as outputs. This input- 

output arrangement provides for compatible ■ Noise margin (over full package- 

operation with the RCA-CD4013B dual D- temperature range): 

type flip-flop. 1VatV D D= 5 V 

The CD4027B is useful in performing con- 2 V at Vqd =10V 

trol, register, and toggle functions. Logic 2.5 V at VpQ = 15 V 

levels present at the J and K inputs along . 5 . v , 10 . V , and 15-V parametric ratings 

with internal self-steering control the state H Mppt _ all .rnr« T . 

of each flip-flop; changes in the flip-flop Standard J J t Te " tatlve 

state are synchronous with the positive- for Dpscrintinn nf 'R' ** n*i!r!cn Cati0n$ 

going transition of the clock pulse. Set and f ° r Descr, P t,on of B Senes CMOS Devices" 

reset functions are independent of the clock Applications: 
and are initiated when a high level signal is * Registers, counters, control circuits 
present at either the Set or Reset input. 

The CD4027B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix).. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, ( V DD ) 

(Voltages referenced to Vgg Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pp): 

For T a = -40 to +60 C (PACKAGE TYPE E) 500 mW 


For T A = -40 to +60 C (PACKAGE TYPE E) d 500 mW 

For T a = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D, F) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D, F) . . . Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D, F, H -55 to +125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 




TERMINAL ASSIGNMENT 



"all inputs ARE * 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 



Fig. 1 - Logic diagram and truth table for CD4027B (one of two 


identical J-K flip flops). 
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CD4027B Types 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 



* If more than one unit is cascaded in a parallel clocked operation, t r CL should be made less 
than or equal to the sum of the fixed propagation delay time at 15 pF and the transition 
time of the output driving stage for the estimated capacitive load. 



DRAIN-TO-SOURCE VOLTAGE (V D S>— V 

Fig.2 — Typical output low (sink) 
current characteristics. 



Fig. 3 — Minimum output low (sink) 
current characteristics. 


DRAIN- TO- SOURCE VOLTAGE (Vos)— V DRAIN-TO-SOURCE VOLTAGE (VqsI—V 



Fig. 4 — Typical output high (source) 
current characteristics. 


Fig.5 — Minimum output high (source) 
current characteristics. 



Fig. 6 ~ Typical power dissipation vs. frequency. 



Fig.7 — Input current test circuit. 


Fig, g — Input-voltage test circuit. 


Fig. 9 - Quiescent device current test circuit. 
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CD4027B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 


Quiescent 

Device 

Current 

M a x - 

Output Low 


CONDITIONS 

v o | v in| v dd 
(V) (V) (V) 

0,5 5 

0,10 10 

0,15 15 

0,20 20 


(Sink) 

0.4 

Current, 

0.5 

1 q |_ Min. 

1.5 

Output High 

4.6 

(Source) 

2.5 

Current, 

9.5 

•oh Min - 

13.5 

Output Volt- 


age: 

- 

Low-Level, 

- 

Vql Max. 

- 

Output Volt- 


age: 

- 

High-Level, 

- 

Vqh Min. 

- 

Input Low 

0.5, 4.5 

Voltage, 

1,9 

V !L Max. 

1.5,13.5 

Input High 

0.5,4. 5 

Voltage, 

1,9 

V||_j Min. 

1.5,13.5 

Input 


Current, 

_ 




0,5 5 

0,10 10 
0,15 15 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at — 55,+25,+125 Apply to D,F,H Pkgs. 
Values at — 40,+25,+85 Apply to E Pkgs. 


0.64 0,61 

1.6 1.5 

4.2 4 

-0.64 -0.61 
-2 - 1.8 
-1.6 -1.5 
-4.2 -4 




+25 

+85 

+125 

Min. 

Typ. 

30 

30 

- 

0.02 

60 

60 

- 

0.02 

120 

120 

- 

0.02 

600 

600 

- 

0.04 

0.42 

0.36 

0.51 

1 

1.1 

0.9 

1.3 

2.6 

2.8 

2.4 

3.4 

6.8 

-0.42 

-0.36 

-0.51 

-1 

-1.3 

-1.15 

-1.6 

-3.2 

-1.1 

-0.9 

-1.3 

-2.6 

-2.8 

-2.4 

-3.4 

-6.8 


±0.1 

±1 





0 0.0E 

0 0.0E 

0 0.0E 



■ tsswaam 



Dimensions in millimeters are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10~^f. 

The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 

When the wafer is cut into chips, the cleavage 
angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0.17 mm) larger in both dimensions. 


Dimensions and Pad Layout for CD4027BH 
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DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C; Input t r . tf 
Ci_ = 50pF, R l = 200 k £1 





LIMITS 


CHARACTERISTIC 

VDD 

All Packages 


(V) 

Min. 

Typ. 

Max. 

Propagation Delay Time: 

5 

- 

150 

300 

Clock to Q or Q Outputs 

10 

- 

65 

- 130 

tPHL^PLH 

15 

- 

45 

90 


5 

- 

150 

300 

Set to Q or Reset to Q tp|_|_j 

10 

- 

65 

130 


15 

- 

45 

90 


5 

- 

200 

400 

Set to Q or Reset to Q tpm_ 

10 

- 

85 

170 


15 

- 

60 

120 



- 

100 

200 

Transition Time ^THL' *TLH 


- 

50 

100 



- 

40 

80 

Maximum Clock Input 

5 

3.5 

7 

- 

Frequency# (Toggle Mode) 

10 

8 

16 

- 

fCL 

15 

12 

24 

- 


5 

- 



Minimum Clock Pulse Width tyy 

10 

- 

30 

60 


15 

- 

20 

40 


5 


90 

180 

Minimum Set or Reset Pulse 



Width % 

10 

- 

40 

80 

15 

- 

25 

50 



- 



Minimum Data Setup Time tg 


- 




15 

- 

25 

50 


5 

_ 

_ 

15 

Clock Input Rise or Fall Time 

10 




— 

— 

4 

x rCL> tfCL 

15 

_ 

_ 

1 

Input Capacitance C| 


- 

5 

7.5 


# Input t r , tf = 5 ns. 


CD4027B Types 


>0 ns. 


UNITS 


ns 


ns 


ns 


ns 


MHz 


ns 


ns 


ns 


(is 


pF 



92CS-2T532 | 

Fig. 10 — Typical propagation delay time vs. 
load capacitance (CLOCK or_SET 
to Q, CLOCK or RESET to Q. 



Fig. 1 1 ~ Typical propagation delayjime vs. 
load capacitance (SET to Q or 
RESET to Ql. 



SUPPLY VOLTAGE (Vod> — v 


Fig.12— Typical maximum dock frequency vs. 
supply voltage (toggle mode). 







CD4028B Types 


COS/MOS 

BCD-to-Decimal Decoder 

High-Voltage Types (20-Volt Rating) 

The RCA-CD4028B types are BCD-to- 
decimal or binary-to-octal decoders consist- 
ing of buffering on all 4 inputs, decoding- 
logic gates, and TO output buffers. A BCD 
code applied to the four inputs, A to D, 
results in a high level at the selected one of 
10 decimal decoded outputs. Similarly, a 
3-bit binary code applied to inputs A through 
C is decoded in octal code at output 0 to 7 
if D = "0". High drive capability is provided 
at all outputs to enhance dc and dynamic 
performance in high fan-out applications. 

The CD4028B-Series types are supplied in 
16-lead hermeticdual-in-line ceramic pack- 
ages (D and Fsuffixes), 16-lead dual-in-line 
plastic packages (E suffix), 16-lead ceramic 
flat packages (K suffix), and in chip form (H 
suffix). 


Features: 

■ BCD-to-decimal decoding or binary-to-octal decoding 

■ High decoded output drive capability 

■ “Positive logic" inputs and outputs. . . . 

decoded outputs go high on selection 

■ Medium-speed operation. ... 

tpHL' *PLH = ns ftyp.) @ ^DD = 10 V 

■ Standardized, symmetrical output characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 (jlA at 18 V 
over full package-temperature range; 

100 n A at 18 V and 25°C 

■ Noise margin (over full package- 
temperature range): 

1 V at Vnn = 5 V 


■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC 
Tentative Standard No. 13A, "Standard 
Specifications for Description of 'B' 

Series CMOS Devices" 

Applications: 

■ Code conversion ■ Indicator-tube decoder 

■ Address decoding— memory selection control 




ALL INPUTS ARE PROTECTED 
BY COS/MOS PROTECTION 
NETWORK. 


Fig. 1 — Logic diagram. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgg Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS . . 

DC INPUT CURRENT, ANY ONE INPUT 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A - -40 to +60°C (PACKAGE TYPE E) 

For T A + 60 to +85°C (PACKAGE TYPE E) Derate Linearly at 1 2 

For T A - - 55 to +100°C (PACKAGE TYPES D,F, ) 

For T a - +100 to +125°C (PACKAGE TYPES D, F, ) . . Derate Linearly at 1 2 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T a FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 
OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D, F, H 

PACKAGE TYPE E 

STORAGE TEMPERATURE RANGE (T stg ) 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 / I 6 ± 1 /32 inch ( 1 .59 ±0.79 mm) from case for 10s max. . 


-0.5 to +20 V 
-0.5 to Vqq +0.5 V 
. . . ±10 mA 


. . 500 mW 

mW/°C to 200 mW 
. . 500 mW 

mW/°C to 200 mW 


-55 to +1 25°C 
-40 to +85°C 
-65 to +150°C 



CD4028B 

FUNCTIONAL DIAGRAM 



Top View 

TERMINAL DIAGRAM 


TABLE I - TRUTH TABLE 


D 

c 

B 

A 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


I = HIGH LEVEL 


0 = LOW LEVEL 
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CD4028B Types 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range 
(For T A = Full Package 

Temperature Range) 

3 

18 

V 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25. >1 25 Apply to D, F.H Packages 
Values at —40, +25, +85 Apply to E Package 

UNITS 

v 0 

(V) 

V|N 

(V) 

VDD 

(V) 

... 

+25 

-55 

-40 

+85 

+ 125 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, 

IDD Max - 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

pA 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 
(Sink) Current 

Iql Min. 

0.4 

0.5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0.15 

15 

4.2 

4 

2.8 

2.4 

3 4 

6.8 

- 

Output High 
(Source) 

Current, 
l 0 H Min. 

4.6 

0.5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

1 

- 

2.5 

0.5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0.15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage: 
Low-Level, 

VOL Max. 

- 

0.5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage: 
High-Level, 

Voh Min. 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0.10 

10 

9.95 

9.95 

10 

- 

- 

0.15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage, 

V|L Max. 

0.5, 4.5 

- 

5 

1.5 

- 

- 

1.5 

V 

1, 9 

- 

10 

3 

- 

- 

3 

1.5,13.5 

. - 

15 

4 

- 

- 

4 

Input High 
Voltage. 

V|H Min. 

0.5, 4.5 

- 

5 

3.5 

3.5 

- 

- 

1.9 

- 

10 

7 

7 

- 

- 

1.5,13.5 

- 

15 

11 

11 

- 

- 

Input Current 
l|N Max. 

- 

0,18 

18 

£0.1 

£0.1 


£1 


£10-5 

£0.1 

pA 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, C L = 50 pF, 
Input t r ,tf = 20 ns, R L = 200 k£2 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

> 

O 

Q 

> 

Typ. 

Max. 

Propagation Delay Time: 

5 

175 

350 

ns 

l PHL' l PLH 

10 

80 

160 



15 

60 

120 



5 

100 

200 


Transition Time 

10 

50 

100 

ns 

^HL- l TLH 

15 

40 

80 


Input Capacitance, C||\j 

- 

5 

7.5 

pF 



Fig. 2 — Typical output tow (sink) 
current characteristics. 
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DRAIN - TO - SOURCE VOLTAGE (V DS ) — V 


Fig. 3 — Minimum output low (sink) 
current characteristics. 



Fig. 4 — Typical propagation delay time as 
a function of load capacitance. 


DRAIN- TO - SOURCE VOLTAGE (V DS ) — V 



Fig. 5 — Typical output. high (source) 
current characteristics. 
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CD4028B Types 



A 92CS- 29413 

(Trademark) Burroughs Corp. 

Fig. 14 — Neon readout (Nixie Tube* ) display application. 


INPUTS 



Fig. 15 — 6-bit binary to l-of-64 address decoder. 



73 -«l 

( I. *55-2.057) 


92CS- 29417 


CD4028BH 

DIMENSIONS AND PAD LAYOUT 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils ( 10~ ^ inch). 


The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0. 1 7 mm) larger in both dimensions. 
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CD4029B Types 

COS/MOS Presettable 
Up/Down Counter 

Binary or BCD-Decade 
High-Voltage Types (20-Volt Rating) 

The RCA-CD4029B consists of a four-stage 
binary or BCD-decade up/down counter with 
provisions for look-ahead carry in both 
counting modes. The inputs consist of a 
single CLOCK, CARRY-IN (CLOCK EN- 
ABLE), BINARY/DECADE, UP/DOWN, PRE- 
SET ENABLE, and four individual JAM sig- 
nals. Q1, Q2, Q3, Q4 and a CARRY OUT 
signal are provided as outputs. 

A high PRESET ENABLE signal allows 
information on the JAM INPUTS to preset 
the counter to any state asynchronously with 
the clock. A low on each JAM line, when the 
PRESET-ENABLE signal is. high, resets the 
counter to its zero count. The counter is 
advanced one count at the positive transition 
of the clock when the CARRY-IN and PRE- 
SET ENABLE signals are low. A dvancement 
is inhibited when the CARRY-I N or PRESET 
ENABLE signals are high. The CARRY-OUT 
signal is normally high and goes low when 
the counter reaches its maximum count in 
the UP mode or the minimu m count in the 
DOWN mode p rovided the CARRY-IN sig- 
nal is low. The CARRY-IN signal in the low 
state can thus be consid ered a CLOCK 
ENABLE. The CARRY-IN terminal must be 
connected to V 33 when not in use. 

Binary counting is accomplished when the 
BINARY/DECADE input is high; the counter 
counts in the decade mode when the BI- 
NARY/DECADE input is low. The counter 
counts up when the UP/DOWN input is 
high, and down when the UP/DOWN input 
is low. Multiple packages can be connected 
in either a parallel-clocking or a ripple- 
clocking arrangement as shown in Fig. 17. 

Parallel clocking provides synchronous con- 
trol and hence faster response from all 
counting outputs. Ripple-clocking allows for 
longer clock input rise and fall times. 

The CD4029B-series types are supplied in 
16-lead ceramic dual-in-line plastic pack- 
ages(Esuffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


CD4029B Terminal Diagram 



Features: 

■ Medium-speed operation ... 8 MHz (typ.) 

@ C L = 50 pF and V DD -V SS = 10 V 

■ Multi-package parallel clocking for synchronous 
high speed output response or ripple clocking 
for slow clock input rise and fall times 

■ "Preset Enable'' and individual "Jam" inputs provided 

■ Binary or decade up/down counting 

■ BCD outputs in decade mode 

■ 100% tested for quiescent current at 20 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Standardized, symmetrical output charac- 
teristics 

■ Maximum input current of 1 /iA at 18 V 
over full package-temperature range; 

100 nA at 18 V and 25°C 

■ Noise margin (over full package-tempera- 
ture range) 

1 V at Vdd = 5 V 

2 Vat V DD = 10 V 
2.5 VatV DD = 15 V 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 



Applications: 

■ Programmable binary and decade 
counting/frequency synthesizers-BCD output 

■ Analog to digital and digital to 
analog conversion 

■ Up/Down binary counting 

■ Magnitude and sign generation 

■ Up/Down decade counting 

■ Difference counting 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. For maximum 
reliability, nominal operating conditions should be selected so that operation is always within the 
following ranges: 


CHARACTERISTIC 

V DD 

LIMITS 

UNITS 

(V) 

Min. 

Max. 

Supply-Voltage Range (ForT A = Full Package- 





Temperature Range) 

- 

3 

18 

V 

Setup Time tgy : 

Carry- In 

5 

10 

15 

60 

20 

12 

- 



5 

340 

- 


U/D or B/D 

10 

140 

- 



15 

100 

- 

ns 


5 

180 

- 


Clock Pulse Width, tyy 

10 

90 

- 


15 

60 

- 



5 

130 

- 


Preset Enable Pulse Width, tyy 

10 

70 

- 



15 

50 

- 



5 

- 

2 


Clock Input Frequency, fy^ 

10 

- 

4 

MHz 


15 

- 

5.5 



5 

- 



Clock Rise and Fall Time, t r CL, EfCL 

10 

- 

15 

fis 

15 

- 
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CD4029B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, <V DD ) 

< Voltages referenced to Vgs Terminal) -0.5 to +20 V 


INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 1 2 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D,F) 500 mW 

For T a = +100 to +125°C (PACKAGE TYPES D, F ). . . Derate Linearly at 1 2 mW/°C to 200 mW 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, H -55 to +125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1 /32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 



Fig. 1 — Typical output low (sink) current 
characteristics. 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 

Values at —55, +25, +125 Apply to D,F,H Packages 
Values at —40, +25, +85 Apply to E Package 

u 

N 

T 

S 

V 0 

(V) 

V|N 

(V) 

V DD 

(V) 

-55 

-40 

+85 

+125 

+25 

Min. 

Typ. 

Max. 

Quiescent 
Device 
Current, 
l DD Max. 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

MA 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 
(Sink)Current 
IqL Min. 

0.4 

0.5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

Output High 
(Source) 
Current, 

I 0 h Min - 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage: 
Low-Level, 
Vql Max. 

- 

0,5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output 

Voltage: 

High-Level, 

Vqh Min - 

- 

0.5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- | 

Input Low 
Voltage 

V|l Max. 

0.5, 4.5 

- 

5 

1.5 

- 

- 

1.5 

V 

1,9 

- 

10 

3 

- 

- 

3 

1.5,13.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V | |_j Min. 

0.5, 4.5 

- 

5 

3.5 

3.5 

- 

- 

1,9 

- 

10 

7 

7 

- 

- 

1.5,13.5 

- 

15 

11 

11 

- 

- 

Input Current 
l )N Max. 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10~ 5 

±0.1 

ma 



Fig. 2 — Minimum output low (sink) current 
characteristics. 
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Fig. 3 — Typical output high (source) current 
characteristics. 
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Fig. 4 — Minimum output high (source) current 
characteristics. 
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CD4029B Types 



Fig. 9 — Logic diagram (cont'd). 



I ICD40II I 

| QUAD 2 INPUT NAND GATE | 

92CS-I7I95R2 

Fig. 11 — Conversion of dock up, dock down 
input signals to dock and up /down 
input signals. 

The CD4029B CLOCK and UP/DOWN inputs 
are used directly in most applications. In 
applications where CLOCK UP and CLOCK 
DOWN inputs are provided, conversion to 
the CD4029B CLOCK and UP/DOWN inputs 
can easily be realized by use of the circuit 
in Fig. 1 1. 

CD4029B changes count on positive transi- 
tions of CLOCK UP or CLOCK DOWN 
inputs. For the gate configuration shown 
below, when counting up the CLOCK DOWN 
input must be maintained high and conversely 
when counting down the CLOCK UP input 
must be maintained high. 


CLOCK (CL) 


BINARY/ 

DECADE 

PRESET 

ENABLE 



Q| 

02 

°3 

°4 


CARRY OUT 


COUNT 



92CM 


-I7I93R3 


Fig. 12 — Timing diagram-decade mode. 
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CD4029B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r , tf = 20 ns, 
C L = 50 pF, R l = 200 kft 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS | 

UNITS 


V DD (V) 

Min. 

Typ. 

Max. 

| Clocked Operation | 

Propagation Delay Time: tpm_, l PLH 

Q Output 


5 

_ 

250 

500 

ns 

10 

- 

120 

240 

15 

- 

90 

180 

Carry Output 

5 

_ 

280 

560 

10 

- 

130 

260 

15 

- 

95 

190 

Transition Time: t THL> l TLH 

Q Outputs, Carry Output 

5 

- 

100 

200 

10 

- 

50 

100 

15 

- 

40 

80 

Minimum Clock Pulse Width, tyy 

5 

- 

90 

180 

10 

- 

45 

190" 

15 

- 

30 

60 

Clock Rise & Fall Time, t r CL, tfCL** 

5 

_ 

_ 

15 

ps 

10 

- 

- 

15 

15 

- 

- 

15 

Minimum Setup Times, tcj* 

Carry In 

5 

- 

30 

60 

ns 

10 

- 

10 

20 

15 

- 

6 

12 

B/D or U/D 

5 

- 

170 

340 

10 

- 

70 

140 

15 

- 

50 

100 

Maximum Clock Input Frequency, f^L 

5 

2 

4 

- 

MHz 

10 

4 

8 

- 

15 

5.5 

11 

- 

Input Capacitance, 

Any Input 

- 

5 

7.5 

pF 

Preset Enable J 

Propagation Delay Time: tpp||_, tpjj-j 

Q Outputs 


5 

- 

235 

470 

ns 

10 

- 

100 

200 

15 

- 

80 

160 

Carry Output 

5 

- 

320 

640 

10 

- 

145 

290 

15 

- 

105 

210 

Minimum Preset Enable Pulse Width, tyy 

5 

- 

65 

130 

10 

- 

35 

70 

15 

- 

25 

50 

Minimum Preset Enable Removal 

Time - 'rem* 

5 

- 

100 

200 

10 

- 

55 

110 

15 

- 

40 

80 

| Carry Input j 

Propagation Delay Time: tppjj_, tpLH 
Carry Output 


5 

- 

in 

IBS 


10 

- 

m 

\tm 

ns 

15 

- 

E&l 

insa 


Min Set-Up Time 
t s *** Carry In 


5 

- 

m 

m 

mm 

10 

- 

m 

IEJD 

■■ 

15 

- 

El 

\m 

mm 

Min. HOLD Time 
t H *** Carry In 


5 

- 

IBB 

IKBI 

■9 

10 

- 

E 

inn 

■■ 

15 

- 

£2 

IKS 

mm 


* From Up/Down, Binary/Decode, Carry In, or Preset Enable Control Inputs to Clock Edge. 

** If more than one unit is cascaded in the parallel clocked application, t f CL should be made less than or 
equal to the sum of the fixed propagation delay at 15 pF and the transition time of the carry output 
driving stage for the estimated capacitive load. This measurement was made with a decoupling capacitor 
(>1 mF) between V DD and V ss - ***From Carry In to Clock Edge 



V DD 



Fig. 14 — Quiescent-device current test circuit. 



Fig. 15 — Input voltage test circuit. 



NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V 0D ANO V SS 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
v dd orv ss . 


92CS- 27402 


Fig . 16 — Input current test circuit. 
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CD4029B Types 


UP/D 

PE J| J 2 J 3 

J 4 

Cl 

CD4029 

era. 

B/D 

CL Q| 0 2 Q 3 

q 4 


UIVD P 

J| J 2 J 3 J4 

Cl. 

CD4029 Ct5 

B/D C 

L Q| 0 2 0 3 Q4 


UF/D PE J| J 2 J 3 J 4 
) cl. CD4029 (T5. 

B/D CL Q| Q2 Q3 Q4 


UFVD 

PE J| J 2 J 3 J4 


UR/D PE J, J 2 J 3 J 4 


UP/D 

PE J| J 2 J 3 J 4 

cl. 

CD4029 05. 

O— |~C 

Cl . CD4029 CO 

0-1 J-C 

cl 

CD4029 CO 

B/D 

CL Q| Q 2 0 3 O4 


B/D CL Q| Q 2 0 3 Q4 


B/D 

CL 0| 0 2 0 3 0 4 


|/4 CD 4071 B 92CL-28676RI 


Ripple Clocking Mode: 

The Up/Down control can be changed at any count. The only restriction on changing 
the Up/Down control is that the clock input to the first counting stage must be high. 

' CARRY OUT lines at the 2nd, 3rd, etc., stages may have a negative going glitch 
pulse resulting from differential delays of different CD4029B IC’s. These negative- 
going glitches do not affect proper CD4029B operation. However, if the CARRY OUT 
signals are used to trigger other edge-sensitive logic devices, such as FF’s or counters, 
the CARRY OUT signals should be gated with the clock signal using a 2-input OR gate 
such as CD4071B. 

For cascading counters operating in a fixe d up -count or down-count mode, the OR 
gates are not required between stages, and CO is connected directly to the CL input of 
the next stage with Cl grounded. 

Fig, 17 - Cascading counter packages. 

0 10 20 30 40 50 60 70 80 90 100 108 



Dimensions and pad layout for CD4029B. 

Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~3 inch). 


The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57° instead of 90° with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0. 1 7 mm) larger in both dimensions. 
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CD4030B Types 


COS/MOS 

Quad Exclusive-OR Gate 

High-Voltage Types (20-Volt Rating) 

The RCA-CD4030B types consist of four ir> 
dependent Exclusive-OR gates. The CD4030B 
provides the system designer with a means 
for direct implementation of the Exclusive- 
OR function. 


Medium-speed operation-tpni_» tpLH = 65 ns ^VP-) at 

V DD = 10 V, c l = 50 P F 

100% tested for quiescent current at 20 V 

Standardized, symmetrical output characteristics 

5-V, 10-V, and 15-V.parametric ratings 

Maximum input current of 1 p A at 18 V over full package- 

temperature range; 100 nA at 18 V and 25°C 

Noise margin (overfull package-temperature 

range): 

1 V at V DD = 5 V 

2 Vat V DD = 10 V 
2.5 Vat V DD = 15 V 

Meets all requirements of JEDEC Tentative 

Standard No. 13A, "Standard Specifications 

for Description of 'B' Series CMOS Devices" Ann/irati 


The CD4030B types are supplied in 14-lead ^ v at Vpp - iu v 

hermetic dual-in-line ceramic packages (D 2.5 V at Vpp = 15 V 

and F suffixes), 14-lead dual-in-line plastic ■ Meets all requirements of JEDEC Tentative 

packages (E suffix), 14-lead ceramic flat Standard No. 13A, "Standard Specifications 

packages (K suffix), and in chip form (H for Description of 'B' Series CMOS Devices" 

suffix). 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE. (V pD ) 

(Voltages referenced to Vgg Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pp): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D, F) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D. F) . . . Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D. F, H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T st ) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERiNG): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

Supply-Voltage Range (For T A = Full Package 
Temperature Range) 


LIMITS 

MIN. 

MAX. 

3 

18 



CD4030B 

FUNCTIONAL DIAGRAM 


Applications: 

■ Even and odd-parity generators and checkers 

■ Logical comparators 

■ Adders/subtractors 

■ General logic functions 


TERMINAL DIAGRAM 
Top View 
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CD4030B Types 


STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (°C) , 

CONDITIONS Values at -55, +25, +125 Apply to D, F, H Packages | 
CHARAC- Values at -40, +25, +85 Apply to E Package , 


AMBIENT TEMPERATURE (Ta)*25*C4 


TERISTIC 

v O 

V|N 

V DD 





+25 


(V) 

(V) 

(V) 

-55 

—40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent 

- 

0,5 

5 

1 

1 

30 

30 

- 

0.02 

1 

Device 

- 

0,10 

10 

2 

2 

60 

60 

- 

0.02 

2 

Current, Iqq 

- 

0,15 

15 

4 

4 

120 

120 

- 

0.02 

4 

Max. 

- 

0,20 

20 

20 

20 

600 

600 

- 

0.04 

20 

Output Low 
(Sink) 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

Current 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

IqL Min. 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

_ 

Output High 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

(Source) 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

Current, 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 


>OH Min - 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 



Output Voltage: 
Low-Level, 


Output Voltage: 
High-Level, 


Input Low 
Voltage, 

Vj l Max. 

Input High 
Voltage, 

V 1 1 _| Min. 

Input Current 
»IM Max. 


- 

0,5 

5 

0.05 

- 

0 

0.05 

- 

0,10 

10 

0.05 

- 


0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

- 

0.5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

0.5,4. 5 

- 

5 

1.5 

' - 

- 

1.5 


1,9 

1.5,13.5 - 


0. 5,4.5 

- 

5 

3.5 

3.5 

- 

■ - 

1,9 

- 

10 

7 

7 

- 

- 

1.5,13.5 

- 

15 

11 

11 

- 

- . 

- 

0,18 

18 

±0.1 ±0.1 ±1 ±1 

- 

±10~ 5 

±0.1 


^GATE-TO-SOURCE VOLTAGE (V GS )*I5 V 



DRAIN -TO -SOURCE VOLTAGE (Vds> — V 

Fig ■ 2 — Typical output low (sink) current 
characteristics. 


AMBIENT TEMPERATURE (T A )«25*C 


±3r4jj : : 

fppi 



Htt gate"-tcPsource 

VOLTAGE (V GS )*I5V-—|4- 



irH-tHflrT •• 


tziiz. llii 



tj * 1 io v *-r * * --»♦ 

4 ♦ + -j- -4f T“pi~ ; H I 




ia 


flllfl 


DR AIN -TO- SOURCE VOLTAGE (Vosl- 


Fig. 3 - Minimum output low (sink) current 
characteristics. 

DR AIN- TO -SOURCE VOLTAGE (V DS )-V 

M5 -* n 

AMBIENT TEMPERATURE ( 

HH H II gate-Vo-sou 





Fig. 4 — Typical output high (source) current 
characteristics. 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r , t f = 20 ns, 
C L = 50 pF, R L = 200 K12 


CHARACTERISTIC 


Propagation Delay Time, 


Transition Time, 


Input Capacitance, 


tPLH^PHL 


tTHU *TLH 


CONDITIONS 

V DD 


LIMITS UNITS 


(V) 

Typ. 

Max. 

5 

140 

280 

10 

65 

130 

15 

50 

100 

5 

100 

200 

10 

50 

100 

15 

40 

80 

Any Input 

5 

7.5 


DRAIN-TO-SOURCE VOLTAGE (Vos* — V 

H5 -IQ -5 

lAMBIENT TEMPERATURE (T A I- 2S*c4-|4-4|j-[4| | I I | | | | 






Fig. 5 - Minimum output high (source) current 
characteristics. 
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CD4030B Types 



20 40 60 80 100 


LOAD CAPACITANCE (C L )-pF 92cs -2*522 

Fig. 6 - Typical transition time as a function of 
load capacitance. 



Fig. 10 - Quiescent-device current 
test circuit. 




Fig. 7 — Typical propagation delay time as a function 
of load capacitance. 


V DD 



Fig. 12 — Input-current test 
circuit. 


500 j*F 



92CS-300S5 

Fig. 13 - Dynamic power dissipation test 
circuit. 



SUPPLY VOLTAGE ( Vjxj) — ' V 92CS-300S4 


Fig. 8 — Typical propagation delay time as a function 
of supply voltage. 


I0 5 | 

2 

AMBIENT T 

emperatur 

E (TAILS' 

c / 


10 % 

- 





~ 6 
Q. 4 

i, 0 2 2 

- 





1 5 
2 






n 

^1 

— 

LOAD CAPACITANCE (C 

— Ci_ = l5 pF 

: L l * 50 p f 

6 

J. 

lO -1 

1 III 

1 III 

1 ML 

1 ill 

1 III 

li 

2 4 6 8 

o ’ 1 

2 4 6 6 

II 

2 4 68 

- 2 4 68 

O 2 

, 2 4 6 8 

0 J 10 


INPUT FREQUENCY (ll)-kHz 


Fig. 9 — Typical dynamic power dissipation as a 
function of input frequency. 


0 10 20 30 4 0 50 60 7072 



Dimensions and pad layout for CD4030BH. 

The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57 instead of 90° with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0. 1 7 mm) larger in both dimensions. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~3 inch). 
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CD4031B Types 


COS/MOS 64-Stage 
Static Shift Register 

High-Voltage Types (20-Volt Rating) 


The RCA-CD4031B is a static shift register 
that contains 64 D-type, master-slave flip- 
flop stages and one stage which is a D-type 
master flip-flop only (referred to as a 1/2 
stage). 

The logic level present at the DATA input is 
transferred into the first stage and shifted 
one stage at each positive-going clock- transi- 
tion. Maximum clock frequencies up to 
12 Megahertz (typical) can be obtained. Be- 
cause fully static operation is allowed, infor- 
mation can be permanently stored with the 
clock line in either the low or high state. The 
CD4031B has a MODE CONTROL input 
that, when in the high state, allows operation 
in the recirculating mode. The MODE CON- 
TROL input can also be used to select be- 
tween two separate data sources. Register 
packages can be cascaded and the clock 
lines driven directly for high-speed qperation. 
Alternatively, a delayed clock output (CLq) 
is provided that enables cascading register 
packages while allowing reduced clock drive 
fan-out and transition-time requirements. A 
third cascading option makes use of the Q' 
output from the 1/2 stage, which is available 
on the next negative-going transition of the 
clock after the Q output occurs. This delayed 
output, like the delayed clock CLq, is used 
with clocks having slow rise and fall times. 

The CD4031 B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead plastic dual-in-line 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Features: 

■ Fully static operation: DC to 12 MHz typ. @ Vpp— V 55 
= 15 V 

■ Standard TTL drive capability on Q output 

■ Recirculation capability 

■ Three cascading modes: 

Direct clocking for high-speed operation 

Delayed clocking for reduced clock drive requirements 

Additional 1/2 stage for slow clocks 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 nA at 18 V 
overfull package-temperature range; 100 nA 
at 18 V and 25°C 

■ Noise margin (over full package-temperature 
range) 


MODE 10 CONTROL 
' CONT LOGIC ~ 

RECIRC . 

DATA 2 — 


V s s * 8 

NC * 3.4,11,12,13,14 


FUNCTIONAL DIAGRAM 


2.5 Vat V DD = 15 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tenta- 
tive Standard No. 13A, "Standard Specifi- 
cations for Description of 'B' Series CMOS 
Devices" 

Applications: 

■ Serial shift registers 

■ Time delay circuits 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating 
conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

Supply-Voltage Range 
(For T A =Full Package- 
Temperature Range) 


LIMITS [ 

Min. 

Max. 

3 

18 


INPUT CONTROL CIRCUIT TRUTH TABLE 


DATA 

RECIRC. 

MODE 

BIT INTO 
STAGE 1 

1 

X 

0 

1 

0 

X 

0 

0 

X 

1 

1 

1 

X 

0 

1 

0 


TYPICAL STAGE TRUTH TABLE 


Data 

CL 

Data + 1 

0 

V 

0 

1 

J- 

1 

X 


NC 


TRUTH TABLE FOB OUTPUT FROM O' 
(TERMINAL 5) 


Data + 64 

CL 

Data + 64V2 

0 

A_ 

0 

1 

A_ 

1 

X 


NC 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, <V DD ) 

(Voltages referenced to Vgs Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS 

DC INPUT CURRENT, ANY ONE INPUT 

POWER DISSIPATION PER PACKAGE (P D ): 

For T a = -40 to +60°C (PACKAGE TYPE E) 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 

For T A - -55 to +100°C (PACKAGE TYPES D,F ) 

For T a = +100 to +125°C (PACKAGE TYPES D, F) . . . Derate Linearly at 1 2 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T a = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 
OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, H 

PACKAGE TYPE E 

STORAGE TEMPERATURE RANGE (T stg ) 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. . 


-0.5 to +20 V 
-0.5 to Vqd V 
. . . ±1 0 mA 


. . 500 mW 

mW/°C to 200 mW 
. . 500 mW 

mW/°C to 200 mW 


-55 to +1 25°C 
-40 to +85°C 
-65 to +1 50°C 


1 = HIGH LEVEL 0 = LOW LEVEL 
X = DON'T CARE NC = NO CHANGE 


RECIRCU- 
LATE f - 
DATA IN 2 I 



TOP VIEW 

NC* NO CONNECTION 


10 MODE CONTROL 

9 CL n 


TERMINAL ASSIGNMENT 
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CD4031B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC 


5 AT INDICATED TEMPERATURES (°C) 
t —55, +25, +125 Apply to D,F,H Packages 
t —40, +25, +85, Apply to E Package 
1 1 1 1 +25 


Quiescent Device 
Current, 


Output Low (Sink) 
Current Iqi_ Min. 
Q 


Q, Q', CLq 

Output High (Source) 
Current, Iq|_| Min. 
Q, Q, Q', CLD 

Output Voltage: 
Low-Level, 

Vq|_ Max. 

Output Voltage: 
High-Level, 

Vqli Min, 


( V ) 

( V ) 

( V ) 

v -55 

-40 

+85 

+125 

Min. 

Typ . 

Max. 

- 

0,5 

5 

5 

5 

150 

150 . 

- 

0.04 

5 

- 

0,10 

10 

TO 

10 

300 

300 

- 

0.04 

10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

0.4 

0,5 

5 

2.56 

2.44 

1.68 

1.44 

2.04 

4 

- 

0.5 

0,10 

10 

6.4 

6 

4.4 

3.6 

5.2 

10.4 

- 

1.5 

0,15 

15 

16.8 

16 

11.2 

9.6 

13.6 

27.2 

- 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.3 

- 

4.6 

0.5 

5 

- 0.64 

- 0.61 

p0.42 

- 0.36 

- 0.51 

-1 

- 

2.5 

0,5 

r 

2 

- 1.8 

- 1.3 

- 1.15 

- 1.6 

- 3.2 

- 

9.5 

0,10 

10 

- 1.6 

- 1.5 

| - 1.1 

- 0.9 

- 1.3 

- 2.6 

- 

13.5 

0,15 

15 

- 4.2 

-4 

- 2.8 

- 2.4 

- 3.4 

- 6.8 

- 



Fig. 2 — Typical output low (sink) 

current characteristics (Q sink 
current = 4X ordinate). 


0,5 

5 

0.05 

- 

0 

0.05 

0,10 

10 

0.05 

- 

0 

0.05 

0,15 

15 

0.05 

- 

0 

0.05 

0,5 

5 

4.95 

4.95 

5 

- 

0,10 

10 

9.95 

9.95 

10 

- 

0,15 

15 

14.95 

14.95 

15 

- 








CD4031B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A =25°C; Input t r ,t f = 20 ns, 
C L = 50pF, R L = 200kSl 


AMBIENT TEMPERATURE (T A )-25*C 
tPHL.»PLH- CLOCK TO 0 
1p LH - CLOCK TO 0 


CHARACTERISTIC 

Propagation Delay Time: 
Clock to Q, t p|_j j_, tp|_n; 
Clock to Q, tp|_n 


TEST CONDITIONS 

v Dp(V) 

5 

10 

15 

5 

10 

15 


LIMITS 
Min. I Typ. I 



£ | £ £5 ^Juppltvoltage ( Vp^ 

l plf tT;f 7? 































CD4031B Types 


| AMBIENT TEMPERATURE (T A )*25*Cfj 




LOAD CAPACITANCE (C L >-pF 92CS-30256 

Fig. 9 — Typical transition time as a function of 
load capacitance (Q, t jHL^ 



CLOCK INPUT FREOUENCY (f CL )-kHj 92CS-302S7 

- Typical dynamic power dissipation as a 
function of dock input frequency. 



Fig. 11 — Dynamic power dissipation test circuit. 




MODE CONTROL V DD = RECIRCULATION 
GND = NEW DATA 



Fig. 12 — Cascading using direct docking for high-speed operation 
(see clock rise and fall time requirement). 


Fig. 13 — Quiescent-device- 
current test circuit. 


- 10 CD403IB 

- 1 9 2 


-HO C0403I8 
-f 9 2 



Mi>~ 


CLOCK V SS 
DRIVER 


(1 /2 - CD40I3 B) * FOR RECIRCULATION MODE ONLY. MODE CONTROL: V 00 'RECIRCULATION 

fo q! 1 FF TO DELAY DATA UNTIL GND * NEW DATA 



NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V DD ANDV SS - 
CONNECT ALL UNUSED 
INPUTS TO EITHER 


Fig. 14 — Cascading using delayed docking for reduced dock drive requirements. 


Fig. 15 — Input-leakage current. 



15 5 — f-H P-0 

10 CD403IB 

I 2 6 ► 0 


MODE CONTROL V DD = RECIRCULATION 
GND = NEW DATA 



v$ s note. 

TEST ANY 

92CS-2744IRI COMBINATION 

OF INPUTS 


Fig. 16 — Cascading using half-clock-pulse delayed data output (Q ) to permit 
use of slow rise and fall time dock inputs. 


Fig. 17 — Input-voltage test circuit. 
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CD4031B Types 



Dimensions and pad layout for CD4031 B. 

Dimensions in parentheses are in millimeters and The photographs and dimensions of each COS/MOS 

are derived from the basic inch dimensions as in- chip represent a chip when it is part of the wafer, 

dicated. Grid graduations are m mils (10-3 inch). men the wafer is cut into chips, the cleavage 

angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the- isolated chip is 
actually 7 mils (0. 1 7 mm) larger in both dimensions. 
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CD4032B, CD4038B Types 


COS/MOS 
Triple Serial Adders 

High-Voltage Types (20-Volt Rating) 
Positive Logic Adder — CD4032B 
Negative Logic Adder — CD4038B 

The RCA-CD4032B and CD4038B types 
consist of three serial adder circuits with 
common CLOCK and CARRY-RESET in- 
puts. Each adder has provisions for two 
serial DATA INPUT signals and an IN- 
VERT command signal. When the com- 
mand signal is a logical "1", the sum is 
complemented. Data words enter the adder 
with the least significant bit first; the sign 
bit trails. The output is the MOD 2 sum of 
the input bits plus the carry from the pre- 
vious bit position. The carry is only added 
at the positive-going clock transition for the 
CD4032B or at the negative-going clock for 
the CD4038B, thus, for spike-free operation 
the input data transitions should occur as 
soon as possible after the triggering edge. 

The CARRY is reset to a logical "0" at the 
end of each word by applying a logical “1" 
signal to a CARRY-RESET input one-bit- 
position before the application of the first 
bit of the next word. 

The CD4032B and CD4038B types are sup- 
plied in 16-lead hermetic dual-in-line ceramic 
packages (D and F suffixes), 16-lead dual-in- 
line plastic packages (E suffix), 16-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 


CD4032B, CD4038B 
TERMINAL DIAGRAM 



Features: 

■ Invert inputs oh all adders for sum complementing 
applications 

■ Fully static operation . . . . dc to 10 MHz (typ.) 

@ V DD = 10 V 

■ Single-phase clocking 

■ Standardized, symmetrical output characteristics 

■ 1 00% tested for quiescent current at 20 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Maximum input current pf 1 /iA at 18 V 
over full package-temperature range; 

100 nAat 18 V and 25°C 



v ss i8 
V DD =| 6 


CD4032B, CD4038B 
FUNCTIONAL DIAGRAM 


■ Noise margin (over full package-tempera- 
ture range) 

1 Vat V DD = 5 V 

2 Vat V DD = 10 V 
2.5 Vat V DD = 15 V 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 


Applications: 

■ Serial arithmetic units 

■ Digital correlators 

■ Digital datalink computers 

■ Flight control computers 

■ Digital servo control systems 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to V ss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANYONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pr>): 

For T a = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T a = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 1 2 mW/°C to 200 mW 

For T a = -55 to +100°C (PACKAGE TYPES D, F) . 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D, F) . . . Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D, F, H -55 to +125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T $t ) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max. +265°C 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Unless Otherwise Specified 


For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges. 


CHARACTERISTIC 

V DD 

Min. 

Max. 

UNITS 

Supply Voltage Range (atT A = Full Package-Temperature 
Range) 


• 

3 

18 

V 

Clock Input Frequency, fd_ 

5 

10 

15 


2.5 

5 

7.5 

MHz 

Clock Input Rise or Fall Time, t r CL, tfCL 

5 

10 

15 

- 

500 

500 

500 

Ms 

Data Input Set-Up Time, 

Clock to A or B Inputs *SU 

5 

10 

15 

200 

80 

60 

- 

ns 
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CD4032B, CD4038B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 

Values at -55, +25, +1 25 Apply to D,F,H Packages 
Values at -40, +25, +85 Apply to E Package 

IT 

N 

1 

T 

S 

Vo 

(V) 

V| N 

(V) 

V DD 

(V) 

-55 

-40 

+85 

+125 

+25 | 

Min. 

Typ. 

Max. 

Quiescent 

Device 

Current, 

>DD Max - 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

HA 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 . 

10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 
(Sink) Current 
IqL Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

Output High 
(Source) 
Current, 

I 0 h M'n. 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 


Output Voltage: 
Low-Level, 

Vg i_ Max. 

- 

0,5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output 

Voltage: 
High-Level, 
Vqh Min. 

- 

0,5 

5 

4.95 

4.95 

5 ' 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage 

V|(_ Max. 

0.5, 4.5 

- 

5 

1.5 

- 

- 

1.5 

V 

1,9 

- 

10 

3 

- 

- 

3 

1.5,13.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V 1 1 _| Min. 

0.5,4. 5 

- 

5 

3.5 

3.5 

- 

- 

1,9 

- 

10 

7 

7 

- 

- 

1.5,13.5 

- 

15 

11 

11 

- 

- 

Input Current 
l| N Max. 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10“ 5 

±0.1 

HA 



NETWORK 



WORD I O.OI I I IOO = +60 WORD 3 I.IOI I 0 I I » - 37 

WORD 2 0,01 1001 0 = +50 WORD 4 1 .1001 I I0 » -5Q 

0.1 101 I 10 =+110 1.01 0100 I * -87 


Fig- 2 — CD4032B timing diagram. 


Fig. 1 — CD4032B logic diagram of one of three serial adders. 
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CD4032B, CD4038B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A =25°C, Input t r , t f = 20ns, 
C L = 50 pF, R L = 200 k£l 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS | 

UNITS 

V D d(V) 

mu 

EBB 



Propagation Delay Time: tpj_j tpm 

5 


m 

520 


A,B, Carry Reset, or Invert Inputs to 

10 


i 


ns 

Sum Outputs 

15 


m 




5 

B 

325 

650 


Clock Input to Sum Outputs 

10 

■ 

175 

350 

ns 


15 


150 

300 



5 

_ 

100 

200 


Transition Time: tjHL^TLH 

10 

- 

50 

100 

ns 


15 

- 

40 

80 


Minimum Data Input Setup Time, tgy 
Clock to A or B Inputs 

5 

10 

_ 

125 

50 


ns 

15 

- 

40 

60 

mm 


5 


m 

B 


Maximum Clock Input Frequency, f q|_ 

10 


10 

B 

MHz 


15 


15 

iB 



5 

_ 

_ 

500 


Clock Input Rise or Fall Time, VCL^fCL* 

10 

- 

- 

500 

jUS 


15 

- 

- 

500 


Input Capacitance, Cj jyj 

(Any Input) 

- 

5 

7.5 

pF 


* If more than one unit is cascaded t r Qj_ should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 



Fig. 5 — Typical output tow (sink) current 
characteristics. 



Fig. 6 — Minimum output low (sink) current 
characteristics. 



Fig. 3 — CD4038B logic diagram of one of three serial adders. 



Fig A - CD4038B timing diagram. 


DRAIN- TO- SOURCE VOLTAGE (V DS ) — V 



Fig. 7 — Typical output high (source) current 
characteristics. 


DRAIN-TO-SOURCE VOLTAGE (V 0 S>— V 



characteristics. 
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TRANSITION TIME (»THL.»TLH> 


CD4032B, CD4038B Types 




Fig. 10 — Typical propagation delay times as a 
function of load capacitance (A, B, 
carry reset or invert to SUM). 



CLOCK INPUT FREQUENCY < »CL )_ k Hl 92CS - 3 034I 

Fig. 11 — Typical dynamic power dissipation as a 
function of dock input frequency. 


V DD 



PG I • » CL 

P G 2» <CL 92CS-30342 

2 




Fig. 12 — Dynamic power dissipation test 
circuit. 


Fig. 13 — Input voltage test circuit. 


Fig. 14 — Input current test circuit. 


V DD 



Fig. 15 — Quiescent-device current test circuit. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~3 inch). 


The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57 instead of 90° with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0. 17 mm) larger in both dimensions. 



U z °- 78 J 

| (1.778- 1.981) I 

92CM- 30343 

Dimensions and pad layout for CD4032BH; dimensions and pad layout for 
CD 4038 BH are identical. 


I 
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CD4034B Types 

COS/MOS 8-Stage Static 
Bidirectional Parallel/Serial 
Input/Output Bus Register 


High-Voltage Types C20-Volt Rating) 


The RCA-CD4034B is a static eight-stage 
parallel-or serial-input parallel-output regis- 
ter. It can be used to: 

1) bidirectionally transfer parallel informa- 
tion between two buses, 2) convert serial 
data to parallel form and direct the parallel 
data to either of two buses, 3) store (recircu- 
late) parallel data, or 4) accept parallel data 
from either of two buses and convert that 
i data to serial form. Inputs that control the 
operations include a single-phase CLOCK 
(CL), A DATA ENABLE (AE), ASYNCHRO- 
| NOUS/SYNCHRONOUS (A/S), A-BUS-TO- 

B-BUS/B-BUS-TO-A-BUS (A/B), and PAR- 
ALLEL/SERIAL (P/S). 

Data inputs include 16 bidirectional parallel 
data lines of which the eight A data lines are 
inputs (3-state outputs) and the B data lines 
are outputs (inputs) depending on the signal 
level on the A/B input. In addition, an input 
for SERIAL DATA is also provided. 

All register stages are D-type master-slave 
\ flip-flops with separate master and slave 

clock inputs generated internally to allow 
synchronous or asynchronous data transfer 
from master to slave. Isolation from external 
noise and the effects of loading is provided 
by output buffering. 

\ 

PARALLEL OPERATION 

A high P/S input signal allows data transfer 
into the register via the parallel data lines 
synchronously with the positive transition 
I of the clock provided the A/S input is low. 

I If the A/S input is high the transfer is in- 

dependent of the clock. The direction of 
data flow is controlled by the A/B input. 
When this signal is high the A data lines are 
* inputs (and B data lines are outputs); a low 
j A/B signal reverses the direction of data flow. 

The AE input is an additional feature which 
allows many registers to feed data to a 
common bus. The A DATA lines are enabled 
only when this signal is high. 

Data storage through recirculation of data in 
each register stage is accomplished by mak- 
ing the A/B signal high and the AE signal 
low. 


Applications: 

■ Parallel Input/Parallel Output, 

Parallel Input/Serial Output, 

Serial Input/Parallel Output, 

Serial Input/Serial Output Register 

■ Shift right/shift left register 

■ Shift right/shift left with parallel loading 

■ Address register 

■ Buffer register 

■ Bus system register with enable parallel 
lines at bus side 

■ Double bus register system 

■ Up-Down Johnson or ring counter 

■ Pseudo random code generators 

■ Sample and hold register (storage, 
counting, display) 

■ Frequency and phase comparator 

SERIAL OPERATION 

A low P/S signal allows serial data to transfer 
into the register synchronously with the 
positive transition of the clock. The A/S in- 
put is internally disabled when the register is 
in the serial mode (asynchronous serial opera- 
tion is not allowed). 

The serial data appears as output data on 
either the B lines (when A/B is high) or the 
A lines (when A/B is low and the AE signal 
is high). 

Register expansion can be accomplished by 
simply cascading CD4034B packages. 

The CD4034B types are supplied in 24-lead 
dual-in-line ceramic packages (D and F suf- 
fixes), 24-lead dual-in-line plastic packages 
(E suffix), 24-lead ceramic flat packages (K 
suffix), and in chip form (H suffix). 



Features: 

■ Bidirectional parallel data input 

■ Parallel or serial inputs/parallel outputs 

■ Asynchronous or synchronous parallel 
data loading 

•a Parallel data-input enable on "A" data 
lines (3-state output) 

■ Data recirculation for register expansion 

■ Multipackage register expansion 

■ Fully static operation dc-to-10 MHz (typ.) 
at V DD = 10 V 

■ Standardized, symmetrical output 
characteristics 

■ 100% tested for quiescent current at 20 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Maximum input current of 1 ju A at 18 V 
over full package-temperature range; 

100 nA at 18 V and 25°C 

■ Noise margin (over full package-temperature 
range): 

1 V at V DD = 5 V 

2 Vat V DD = 10 V 
2.5 Vat V DD = 15 V 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, <V DD ) 

(Voltages referenced to Vgs Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqq +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 1 2 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D,F) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D, F) . . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D, F, H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1 /32 inch ( 1 .59 ± 0.79 mm) from case for 1 0 s max +265°C 
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CD4034B Types 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

V DD 

LIMITS 

UNITS 

(V) 

Min. 

Max. 

Supply-Voltage Range (For T A = Full Package- 
Temperature Range) 


3 

18 

V 

Data Setup Time, tg 

5 

160 

- 


Serial Data to Clock 

10 

60 

- 

ns 


15 

40 

- 



5 

50 

- 


Parallel Data to Clock 

10 

30 

- 

ns 


15 

20 

- 



5 

350 

- 


Clock Pulse Width, tyy 

10 

140 

- 

ns 


15 

80 

- 



5 


2 


Clock Input Frequency, f q |_ 

10 

dc 

5 

MHz 


15 


7 


Clock Input Rise or Fall Time, t r CL, tfCL* 

5, 10, 15 

- 

15 

JUS 


*lf more than one unit is cascaded t r CL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 


"A" ORV 

DATA . 

INPUTS / 


"b" or "a" 

DATA 

OUTPUTS 


B 




x 


- 90% 

- 50% 
_ 10% 


92CS-20077 


Fig. 2 — Asynchronous operation propagation 
delay time and transition time. 


t r CL — 

CLOCK • 
INPUT .! 


/ V DD 

-f- V 90% 

l V 50% 

\ 10% , 

INPUT* J 

_v- 


H'slh 

1 

, ~ ' * SHL 

JP* 

— 1 t-’THL r~ V DD 

it sizni 

OUTPUT 

J 

f PLH — 

— y . 

f PHL 


* INPUT REFERS TO ANY OF THE "A' 1 OR "B" DATA INPUTS , "A" ENABLE , 
SERIAL INPUT, A/B, P/S, OR A/S INPUTS 


**'SLH AND ♦ SHL AR E SET-UP TIMES 


92CS-20078 



Fig. 1 — Steering logic diagram. 


FLIP-FLOP TRUTH TABLE 


INPUTS 

OUTPUT 

cl m 

CL S 

D 

Q 

“V 

A_ 

0 

0 

Jr 

“V 

0 

0 



0 

INVALID 

CONDITION 



X 

6 


-J 

1 

1 

_r 


1 

1 



1 

INVALID 

CONDITION 


1 = High Level 0 = Low Level X = Don't Care 


Fig. 3 — Synchronous operation propagation 
delay times, transition times, and 
set-up times. 


clock 



r“Ln_ 



i run 


1 i — LTU 



Fig. 4 — Timing diagram. 


< 


I 
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CD4034B Types 



92CM-29II0R2 


Fig. 11 - Register stage logic diagram (1 of 8 stages). 


TRUTH TABLE FOR REGISTER INPUT-LEVELS AND 


RESULTING REGISTER OPERATION 


“A" 

Enable 

P/S 

A/B 

A/S 

Operation* 

0 

0 

0 

X 

Serial Mode; Synch. Serial Data Input, "A" Parallel Data Outputs 
Disabled 

0 

0 

1 

X 

Serial Mode; Synch. Serial Data Input, "B" Parallel Data Output 

0 

1 

0 

0 

Parallel Mode; "B" Synch. Parallel Data Inputs, "A” Parallel Data 
Outputs Disabled 

0 

1 

0 

1 

Parallel Mode; "B” Asynch. Parallel Data Inputs, "A” Parallel Data 
Outputs Disabled 

0 

1 

1 

0 

Parallel Mode; "A" Parallel Data Inputs Disabled, "B” Parallel Data 
Outputs, Synch. Data Recirculation 

0 

1 

1 

1 

Parallel Mode; "A" Parallel Data Inputs Disabled, "B” Parallel Data 
Outputs, Asynch. Data Recirculation 

1 

0 

0 

X 1 

Serial Mode; Synch. Serial Data Input, "A" Parallel Data Output 

1 

0 

1 

X 

Serial Mode; Synch. Serial Data Input, "B" Parallel Data Output 

1 

1 

0 

0 

Parallel Mode; "B” Synch. Parallel Data Input, “A” Parallel Data. 
Output 

1 

1 

0 

1 

Parallel Mode; "B" Asynch. Parallel Data Input, "A” Parallel Data 
Output 

1 

1 

1 

0 

Parallel Mode; "A” Synch. Parallel Data Input, "B" Parallel Data 
Output 

1 

1 

1 

1 

Parallel Mode; "A" Asynch. Parallel Data Input, "B" Parallel Data 
Output 


'Outputs change at positive transition of clock in the serial mode and when the A/S control input is ''low” 
in the parallel mode. During transfer from parallel to serial operation A/S should 
remain low in order to prevent Dg transfer into Flip Flops. 

1 = HIGH LEVEL 0 = LOW LEVEL X = DON'T CARE 



Fig. 12 — Typical dynamic power dissipation 
as a function of clock frequency. 



Fig.. 13 — Dynamic power dissipation 
test circuit. 


V DD 



Fig. 14— Quiescent-device-current test circuit. 


V DD 

1 _ 


NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V 0D AND V SS - 
CONNECT ALL UNUSED 

INPUTS TO EITHER 

\ v dd orv ss . 

VSS 

92 CS- 27402 

Fig. 15— Input-current test circuit. 


V DD 

ME>* 

Vss 
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CD4034B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A =25°C; Input t r ,t f = 20ns, 
C L = 50 pF, R l =200 ka 

CHARACTERISTIC V ^P — — 

(V) Min. Typ. Ma> 

Propagation Delay Time, tpj_j tp |_|_j 5 — 350 700 

A(B) Parallel Data In to 10 - 120 240 

B(A) Parallel Data Out 15 85 170 

3- State Propagation Delay Time, tpL^, tpHZ' 5 — 200 400 

A/B or AE to “A” OUT tp 7 l , tp7H 10 — 80 160 


Transition Time, 

Minimum Data Setup Time, 
Serial Data to Clock 


Parallel Data to Clock 


Minimum High-Level Pulse Width, 
AE, P/S, A/S 


Maximum Clock Frequency, 


Minimum Clock Pulse Width, 



V DD 

LIMITS 


(V) 

Min. 

Typ. 

Max. 

tPHL'tPLH 

5 

- 

350 

700 


10 

- 

120 

240 


15 

- 

85 

170 

tPLZ'tPHZ' 

5 

- 

200 

400 

tpZL^PZH 

10 

- 

80 

160 


15 

- 

60 

12Q 


5 

- 

100 

200 

t THL' iTLH 

10 

- 

50 

100 


15 

- 

40 

80 

t SU 

5 

- 

80 

160 


10 

- 

30 

60 


15 

- 

20 

40 


5 

- 

25 

50 


10 

- 

15 

30 


15 

- 

10 

20 


5 


175 

350 

% 

10 

- 

70 

140 


15 

- 

40 

80 


5 

2 

4 

- 

f CL 

10 

5 

10 

- 


15 

7 

14 

- 


5 

_ 

125 

250 

X \N 

10 

- 

50 

100 


15 

- 

35 

70 

t r CL, tfCL* 

5,10,15 

- 

- 

15 

C IN 

- 

- 

5 

7.5 


Input Capacitance, (Any Input) C||\j - - 5 7.5 pF 

If more than one unit is cascaded, t f CL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 



4 NOTE: 

Vec TEST ANY COMBINATION 

OF INPUTS 

92CS-2744IR1 

- Input-voltage test circuit. 


Applications 



Fig. 17 — 16-bit parallel in /parallel out, 
parallel in /serial out, serial in/ 
parallel out, serial in /serial out 
register. 



Fig. 18 — 16-bit serial in /gated parallel out 
M register. 


i ; ^ ^ 

The "A" enable (AE) and A/B signals control all v 

combinations of transfer between the registers Single? 

and bus systems. Fig. ig _ Single- and double-bus systems. 
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CD4034B Types 



A "High" ("Low") on the shift Left/Shift 
Right input allows serial data on the Shift 
Left Input (Shift Right Input) to enter the 
register on the positive transition of the 
clock signal. A "high" on the "A" Enable 
Input disables the "A" parallel data lines on 
Reg. 1 and 2 and enables the "A" data lines 
on registers 3 and 4 and allows parallel data 


into registers 1 and 2. Other logic schemes 
may be used in place of registers 3 and 4 for 
parallel loading. 

When parallel inputs are not used Reg. 3 and 
4 and associa ted logic are not required. 

* Shift left input must be disabled during parallel 
entry. 


Fig. 20 - Shift right/shift left with parallel inputs. 



Fig. 21 — N-stage shift register with fixed serial 
output line. 



AE 1 8 


' "A"PARALLEL data / 

SERIAL DATA > fr. 

SI 

V DD 

A/B CD4034 

A/S > » 

A/S 

CLOCK > ► 

CL 


/ "B" PARALLEL DATA ^ 


P/S 1 8 


Fig. 22 — Sample and hold register— serial/ 
parallel in— parallel out. 


11 a" enable 

SERIAL INPUT 
A/B 
V S S 



0 20 
102 I I I 
100 - 



4-10 

(0.102-0.252) 


148-156 

(3.760-3.962) 


99-107 

(2.515-2.718) 


TERMINAL DIAGRAM 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~3 inch). 


The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0. 1 7 mm) larger in both dimensions. 


Dimensions and pad layout for CD4034BH. 
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CD4035B Types 


COS/MOS 4-Stage 
Parallel In/Parallel Out 
Shift Register 

with J-K Serial Inputs and True/ 
Complement Outputs 

High-Voltage Types (20-Volt Rating) 

The RCA-CD4035B is a four-stage clocked 
signal serial register with provision for syn- 
chronous PARALLEL inputs to each stage 
and SERIAL inputs to the first stage via 
JK logic. Register stages 2, 3, and 4 are 
coupled in a serial D flip-flop configuration 
when the register is in the serial mode 
(PARALLEL/SERIAL control low). 

Parallel entry into each register stage is per- 
mitted when the PARALLEL/SERIAL con- 
trol is high. 

In the parallel or serial mode information is 
transferred on positive clock transitions. 
When the TRUE/COMPLEMENT control is 
high, the true contents of the register are 
available at the output terminals. When the 
TRUE/COMPLEMENT control is low, the 
outputs are the complements of the data in 
the register. The TRUE/COMPLEMENT 
control functions asynchronously with re- 
spect to the CLOCKsignal. 

JK” input logic is provided on the first stage 
SERIAL input to minimize logic require- 
ments particularly in counting and sequence- 
generation applications. With JK inputs 
connected together, the first stage becomes 
a D flip-flop. An asynchronous common 
RESET is also provided. 

The CD4035B types are supplied in 16-lead 
hermetic^ dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Features: 

■ 4-Stage clocked shift operation 

■ Synchronous parallel entry on all 4 stages 

■ JK inputs on first stage 

■ Asynchronous True/Complement control 
on all outputs 

■ Static flip-flop operation; Master-slave 
configuration 

■ Buffered inputs and outputs 

■ High speed - 12 MHz (typ.) at Vqd = 10 V 

■ 100% tested for quiescent current at 20 V 

■ Standardized, symmetrical output 

characteristics 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of "B" Series CMOS 
Devices" 

Applications: 

■ Counters, Registers 
Arithmetic-unit registers 
Shift-left — shift right registers 
Serial-to-parallel/parallel-to-serial 
conversions 

■ Sequence generation 

■ Control circuits 

■ Code conversion 


FIRST STAGE TRUTH TABLE 


CL 

In- 

(INPUTS) 

t n (OUTPUTS) 

J 

K 

R 

Qn-I 

Qn 


0 

X 

0 

0 

0 

_r 

1 

X 

0 

0 

' 

_r 

X 

0 

0 

1 

0 

j— 


0 

0 

Qn-I 

5— TOGGLE 
Ur >-' MODE 

_r~ 

X 

1 

0 

1 

1 

-v 

X 

X 

0 

Qn-I 

Qn-I 

X 

X 

X j 

1 

X 

O 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V pD ) 

(Voltages referenced to V S 3 Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to V pD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P p ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T a = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T a = -55 to +100°C (PACKAGE TYPES D, F) 500 mW 

For T a = +100 to +125°C (PACKAGE TYPES D, F) . . . Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D. F, H -55 to +125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T $t ) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 




Fig. 1 — Typical output low (sink) 
current characteristics. 



92CS-24319RI 


Fig. 2 — Minimum output low (sink) 
current characteristics. 

DRAIN -TO- SOURCE VOLTAGE <V DS )-V 



Fig. 3 — Typical output high (source) 
current characteristics. 
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Supply-Voltage Range (For = Full 
Package-Temperature Range) 

Data Setup Time, t$: 

J/K Lines 


Parallel-In Lines 

Clock Pulse Width, tyy 
Clock Input Frequency, f£[_ 

Clock Rise or Fall Time, t r CL, tfCL: 
Reset Pulse Width, t y\j 


M 35 SI 

njj 35355 

i 

liiiiiiiiiiiisAbis 

E9 ■!■■■ 

ft 



GATION DELAY 
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■■ 

iss 

jjsjjs jjjsrjj 
ssssss sssssss 

■■■■■■ ■■■■■■■ 

iiiiiis 

ill 
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ilfil 

1 1: 

ilpiilllllllEllliEiilEliiiEElig 


LOAD CAPACITANCE (C L )- pF 92CS _ 30362 

Fig. 7 — Typical propagation delay times as a func- 
tion of load capacitance (Q output). 

~ 20 | AMBIENT TEMPERATURE (T A )« 1 1 I [ ] I I H I t I | | I I R 

§ LOAD CAPACITANCE (C L )‘ 50pF j | fj 


SUPPLY VOLTAGE (V D0 )-V 92CS . 3036 , 

Fig. 8 — Typical maximum dock input frequency 
as a function of supply voltage. 













CD4035B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 

Values at —55, +25, +125 Apply to D, F,H Packages 
Values at -40, +25, +85 Apply to E Package 

TT 

N 

1 

T 

S 

Vo 

(VI 

V|N 

(V) 

V DD 

(V) 

-55 

-40 

+85 

+125 

+25 

Min. 

Typ. 

Max. 

Quiescent 

Device 

Current, 

1 DD Max - 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

JuA 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 
(Sink) Current 
Iql Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

Output High 
(Source) 
Current, 

•oh Min - 

4.6 

0,5 

5 

- 0.64 

- 0.61 

-0 42 

- 0.36 

- 0.51 

-1 

- 

2.5 

0,5 

5 

-2 

- 1.8 

- 1.3 

- 1.15 

- 1.6 

- 3.2 

- 

9.5 

0,10 

10 

- 1.6 

- 1.5 

-1.1 

- 0.9 

- 1.3 

- 2.6 

- 

13.5 

0,15 

15 

- 4.2 

-4 

- 2.8 

- 2.4 

- 3.4 

- 6.8 

- 

Output Voltage: 
Low-Level, 
Vql Max. 

- 

0.5 

5 

0.05 

- 

0 

0.05 

V 


0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output 

Voltage: 
High-Level, 
Vqh Min. 

- 

0,5 

5 

4.95 

4.95 

5 

- 


0,10 

10 

9.95 

9.95 

10 

- 


0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage 

V, L Max. 

0 . 5 , 4. 5 


5 

1.5 


- 

1.5 

V 

1,9 


10 

3 

- 

- 

3 

1 . 5 . 13.5 


15 

4 


- 

4 

Input High 
Voltage, 

V 1 1 _) Min. 

0 . 5 , 4. 5 


5 

3.5 

3.5 

- 

- 

1 ,9 

- 

10 

7 

7 

- 

- 

1 . 5 , 13.5 


15 

11 

1 1 

- 

- 

Input Current 
l iN Max. 


0,18 

18 

± 0.1 

± 0.1 

±1 

±1 

- 

± 10 -5 

± 0.1 

MA 



Fig. 9 — Typical dynamic power dissipation as a 
function of dock input frequency. 




Fig. 11 — Quiescent-device current test circuit. 


V D0 



INPUTS 



T 

v ss 


NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V 0D AND V ss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
v od orv ss . 



92CS-2744IRI 


92CS-274 0 2 


92CS-I9974RI 


Fig. 12 - Input-voltage test circuit. Fig. 13 - Input-current test circuit. 


Fig. 14— Shift left/shift right register. 
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CD4035B Types 



DYNAMIC ELECTRICAL CHARACTERISTICS 

At T £ = 25° C, Input t r , tf = 20 ns, Cf_ = 50 pF, Ft j_ = 200 kSl 

I I test I 


Using Couleur's Technique (BIDEC) A , a 
binary number (most significant bit, MSB) 
first is shifted and processed, such that the 
BCD equivalent is obtained when the last 
binary bit is clocked into the register. The 
CD4035B, with the correct conversion 
logic, can also be used as a BCD-to-binary 
converter. 


A The basic rule is: If a 4 or less is in a decade, 
shift with the next clock pulse; if a 5 or greater 
is in a decade, add 3 and then shift at the next 
clock pulse. For more information refer to 
"IRE TRANSACTIONS ON ELECTRONIC 
COMPUTERS", Dec. 1958, Pages 313-316. 


Fig. 15 - BIDEC logic. 


|9 1 10 III 1 12 

7 ] PI- 1 PI- 2 PI-3 PI- 4 


| CL CD4035 
_lJ , 4-STAGE REGISTER 



CONDITIONS 

LIMITS 


CHARACTERISTICS 


Vdd 




UNITS 



(V) 

Min. 

Typ. 

Max. 


CLOCKED OPERATION 



5 

- 

250 

500 


Propagation Delay Time: 
tpHL' tPLH 


10 

- 

100 

200 

ns 



15 

- 

75 

150 




5 

- 

100 

200 


Transition Time: 


10 

- 

50 

100 

ns 



15 

- 

40 

80 




5 

- 

100 

200 


Minimum Clock Pulse Width, tyy 


10 

- 

45 

90 

ns 



15 

- 

30 

60 


Clock Rise or Fall Time, t r CL, tfCL* 


5,10, 

15 

- 

- 

15 

Ms 



5 

- 

110 

220 


Minimum Setup Time: 

I fTs | • „ 


10 

- 

40 

80 

ns 

j/t\ Lines 


15 

- 

30 

60 




5 

- 

70 

140 


Parallel! n- Lines 


10 

- 

25 

50 

ns 



15 

- 

20 

40 




5 

2 

4 

- 


Maximum Clock Frequency, f^[_ 


10 

6 

12 

__ 

MHz 



15 

8 

16 

- 


Input Capacitance, Cjjsj 

Any Input 

- 

5 

7.5 

pF 


RESET OPERATION 

Propagation Delay Time: 
t PHL» t PLH 


Minimum Reset Pulse Width, tyy bb 1 1U ns 

1 15 | - 1 40 1 40 

*lf more than one unit is cascaded t r CL should be made less than or equal to the sum of the transition 
time and the fixed propagation delay of the output of the driving stage for the estimated capacitive 
load. , _ I 


5 

- 

230 

460 

10 

- 

100 

200 

15 

- 

80 

160 

5 

- 

125 

250 

10 

- 

55 

110 

15 

- 

40 

40 


Control = 

E = 

0 



1 


Q n 

q 2 

°3 

q 4 


Q 1 

q 2 

03 

o 4 


A 

B 

c 

D 


A 

B 

c 

D 

0 

0 

0 

0 

0 

15 

1 

1 

1 

1 

1 

1 

0 

0 

0 

14 

0 

1 

1 

1 

2 

0 

1 

0 

0 

13 

1 

0 

1 

1 

5 

1 

0 

1 

0 

10 

0 

1 

0 

1 

10 

0 

1 

0 

1 

5 

1 

0 

1 

0 

4 

0 

0 

1 

0 

1 1 

1 

1 

0 

1 

9 

1 

0 

0 

1 

6 

0 

1 

1 

0 

3 

1 

1 

0 

0 

12 

0 

0 

1 

1 

6 

0 

1 

1 

0 

9 

1 

0 

0 

1 

13 

1 

0 

1 

1 

2 

0 

1 

0 

0 

11 

1 

1 

0 

1 

4 

0 

0 

1 

0 

7 

1 

1 

1 

0 

8 

0 

0 

0 

1 

14 

0 

1 

1 

1 

1 

1 

0 

0 

0 

12 

0 

0 

1 

1 

3 

1 

1 

0 

0 

8 

0 

0 

0 

1 

7 

1 

1 

1 

0 


Fig. 16(a) — Double sequence generator. 


Using a control line (E) two different state sequences can be generated. 
For example, suppose the following two sequences are desired on 
command (control line E) 

Fig. 16(b) — State sequences. 
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CD4035B Types 



Fig. 17 — Binary-to-BCD converter. 



89 - 97 _ 
( 2 . 261 - 2 . 463 ) 


92CM-30366 


Dimensions and pad layout for CD4035BH. 

Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10—3 inch). 


The photographs and dimensions represent 
a chip when it is part of the wafer. When the 
wafer is cut into chips, the cleavage angles 
are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated 
chip is actually 7 mils (0.17 mm) larger 
in both dimensions. 


TERMINAL DIAGRAM 
Top View 
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CD4041UB Types 


COS/MOS Quad 
True/Complement Buffer 

High Voltage Types (20-Volt Rating) 

The RCA-CD4041UB types are quad true/ 
complement buffers consisting of n- and 
p-channel units having low channel resistance 
and high current (sourcing and sinking) 
capability. The CD4041UB is intended for 
use as a buffer, line driver, or COS/MOS- 
to-TTL driver. It can be used as an ultra-low 
power resistor-network driver for A/D and 
D/A conversion, as a transmission-line driver, 
and in other applications where high noise 
immunity and low-power dissipation-are pri- 
mary design requirements. 

The CD4041UB types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Features: 

■ Balanced sink and source current; approximately 4 times 
standard "B" drive 

■ Equalized delay to true and complement outputs 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 /iA at 18 V over 
full package temperature range; 100 nA at 
18 V and 25°C 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

■ High current source/sink driver 

■ COS/MOS-to-DTL/TTL Converter Buffer 



■ Display driver 

■ MOS clock driver 

■ Resistor network driver 
(Ladder or weighted R) 

■ Buffer 

■ Transmission line driver 



MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to V§s Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D,F) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D, F) . . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, H -55 to +1 25°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following range: 


CHARACTERISTIC 

LIMITS 

Min. | Max. 

UNITS 

Supply-Voltage Range (For T A =Full Package- 
Temperature Range) 

3 

18 

V 




92CS-20755R1 


TOP VIEW 

TERMINAL ASSIGNMENT 


V DD V DD V DD 



V S S 


92CS-27SJ6 

Fig. 1 — Schematic diagram 1 of 4 buffers. 


DR AIN -TO- SOURCE VOLTAGE (V D S) — V 



Fig.2 — Typical output low (sink) current 
characteristics. 


Fig. 3 — Minimum low (sink) current 
characteristics. 


Fig. 4 — Typical output high ( source ) current 
characteristics. 
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CD4041UB Types 

STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 


CONDITIONS 
V 0 V IN I V DD 
(V) (V) (V) 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at — 55,+25,+125 Apply to D, F,H Pkgs. 
Values at —40, +25, +85 Apply to E Pkgs. 


DRAIN -TO -SOURCE VOLTAGE (V DS ) 

-8 -7 -6 -5 -4 -3 

AMBIENT TEMPERATURE (Ta)« 25*C I | I I I i I I I f- 

J GATE -TO-SOURCE VOLTAGE ( Vgg)« -5 V ; + ; ;; 



Fig. 5 — Minimum output high (source) 
current characteristics. 



DYNAMIC ELECTRICAL CHARACTERISTICS at Ta= 25°C, Input t r ,tf = 20 ns, 

C|_ = 50pF, R L = 200 k ft 



CONDITIONS 

ALL TYPES 
LIMITS 


CHARACTERISTIC 


Vdd 

Volts 

Typ. 

Max. 

UNITS 

Propagation Delay Time: 


5 

60 

120 


tPHL, 


10 

35 

70 

ns 

tPLH 


15 

25 

50 




5 

40 

80 


Transition Time H'HL. 


10 

20 

40 

ns 

tTLH 


15 

15 

30 


Input Capacitance C||\j 

Any Input 

15 

22.5 

pF 


LOAD CAPACITANCE (C L ) — pF 


Fig. 7 — Typical transition time i/s. 
load capacitance. 



Up:::: 


■ 

T. i-.'I ' 


Fig. 8 — Minimum and maximum transfer 
characteristics — true output. 

























CD4041UB Types 



0 2.3 3 73 10 12.3 15 

INPUT VOLTAGE (Vr l-V 

92CS - 28636RI 


Fig. 9 — Minimum and maximum transfer 

characteristics — complement output. 



Fig. 10 — Typical power dissipation vs. input 
rise & fall time per output pair. 



Fig. 11 — Typical power dissipation vs 
frequency per output pair. 



Fig. 12 — Quiescent device current test circuit. 



INP UTS I I 

NOTE: 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH V D0 AND V ss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
V DD ORVss 
V SS 

92CS-27402 

Fig. 14 — Input-leakage-current test circuit. 



Dimensions and pad layout for the CD4041UBH 


82 



Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated 
Grid graduations are in mils ( 10~ ^ inch). 


The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0. 1 7 mm) larger in both dimensions. 
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CD4042B Types 


COS/MOS 

Quad Clocked "D” Latch 

High-Voltage Types (20-Volt Rating) 


The RCA-CD4042B types contain four latch 
circuits, each strobed by a common clock. 
Complementary buffered outputs are availa- 
ble from each circuit. The impedance of the 
n- and p-channel output devices is balanced 
and all outputs are electrically identical. 
Information present at the data input is 
transferred to outputs Q and Q during the 
CLOCK level which is programmed by the 
POLARITY input. For POLARITY = 0 the 
transfer occurs during the 0 CLOCK level 
and for POLARITY = 1 the transfer occurs 
during the 1 CLOCK level. The outputs 
follow the data input providing the CLOCK 
and POLARITY levels defined above are 
present. When a CLOCK transition occurs 
(positive for POLARITY = 0 and negative 
for POLARITY = 1) the information present 
at the input during the CLOCK transition is 
retained at the outputs until an opposite 
CLOCK transition occurs. 


Features: 

■ Clock polarity control 

■ Q and Q outputs 

■ Common clock 

■ Low power TTL compatible 

■ Standardized symmetrical output characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 juA at 18 V over 
full package-temperature range; 100 nA at 
18 V and 25°C 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Noise margin (over full package 
temperature range): 

1 Vat V DD = 5 V 

2 Vat V DD = 10 V 
2.5 V at Vqd = 15 V 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

■ Buffer storage 

■ Holding register 

■ General digital logic 


STATIC ELECTRICAL CHARACTERISTICS 



92CS-20756R! 

TERMINAL ASSIGNMENT 


The CD4042B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
package (E suffix), 16-lead ceramic flat 
package (K suffix), and in chip form (H 
suffix). 



CLOCK 

POLARITY 

Q 

0 

0 

D 

_r 

0 

LATCH 

i 

1 

D 


1 

LATCH 


Fig. 1 — Logic block diagram and 
truth table. 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, H Pkgs. 
Values at —40, +25, +85 Apply to E Pkgs. 

UNITS 




-55 

-40 

+85 

+125 

+25 

Min. 

Typ. 

Max. 

Quiescent 

Device 

Current 

1 DD Max. 


BH 


1 

1 

30 

30 

- 

0.02 

1 

juA 

- 

Mil 


2 

2 

60 

60 

- 

0.02 

2 

- 

cun 

■a 

4 

4 

120 

120 


0.02 

4 

- 

Mil 

^Jj 

20 

20 

600 

600 

- 

0.04 

20 

Output Low 
(Sink) 
Current, 

IqL Min. 


0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 


mA 

0.5 

mu 

■a 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

P1H 

■a 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

Output High 
(Source) 
Current, 

•oh Min - 

4.6 

Ba 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 


mm 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

KEH 

0,10 

■a 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-A 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Volt- 
age: 

Low- Level, 
Vql Max. 

_ 

0,5 

5 

0.05 

_ 

0 

0.05 

V 

- 

ESQ 

■a 

0.05 

- 

0 

0.05 

- 

lilEl 

15 

0.05 

- 

0 

0.05 

Output Volt- 
age: 

High-Level, 
Vqh Min. 



5 

4.95 

4.95 

5 


- 

EE3 

■a 

9.95 

9.95 

10 

- 

- 

QU 

■a 

14.95 

14.95 

15 

- 

Input Low 
Voltage, 

Vjl Max. 


- 

5 

1.5 

— 

_ 

1.5 

V 

1.9 

- 

■a 

3 

- 

- 

3 


- 

MM 

4 

- 

- 

4 

Input High 
Voltage, 

V ||_| Min. 



5 

3.5 

3.5 

_ 

_ 

1,3 

- 

Mil 

7 

7 

_ 

_ 

1.5,13.5 

- 


11 

11 

- 

- 


- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10“ 5 

±0.1 

HA 
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CD4042B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgs Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For Ta = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 1 2 mW/°C to 200 mW 

For T a = -55 to +100°C (PACKAGE TYPES D, F) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D, F) . . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, H -55 to +1 25°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65 to +1 50°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1 /32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 



Fig. 2 — Typical output low (sink) current 
characteristics. 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

VDD 

LIMITS 

ALL TYPES 

UNITS 


(V) 

Min. 

Max. 


Supply-Voltage Range 





(For Ta = FuII Package 

- 

3 

18 

V 

Temperature Range) 






5 

200 

_ 


Clock Pulse Width, ty/y 

10 

100 

- 

ns 


15 

60 

- 



5 

50 

_ 


Setup Time, t$ 

10 

30 

- 

ns 


15 

25 

- 



5 

120 

- 


Hold Time, tj-j 

10 

60 

- 

ns 

15 

50 

- 


Clock Rise or Fall 

5,10 

Not rise or fall 

uQ 

Time: t r , tf 

15 

time sensitive. 



DRAIN-T0- SOURCE VOLTAGE (Vos)— V 



Fig. 5 — Minimum output high (source) 
current characteristics. 



92CS-27635 

Fig. 6 — Typical propagation delay time vs. 
load capacitance— data to Q. 



Fig. 3 — Minimum output low (sink) current 
characteristics. 


DR AIN -TO- SOURCE VOLTAGE (V DS ) — V 
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Fig. 4 — Typical output high (source) 
current characteristics. 
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92CS-276S6 


Fig. 7 — Typical propagation delay time vs. 
load capacitance— data to Q. 
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CD4042B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C; Input t r , tf = 20 ns, C L = 50 pF, 

R l = 200 KSl 


CHARACTERISTIC 

VDD 

(V) 

. LIMITS 

ALL TYPES 

UNITS 

Typ. 

Max. 

Propagation Delay 

Time:t PHL ,tp LH 

Data In to Q 

5 

10 

15 

110 

55 

40 

220 

110 

80 

ns 

Data In to Q 

5 

10 

15 

150 

75 

50 

300 

150 

100 

ns 

Clock to Q 

5 

10 

15 

225 

100 

80 

450 

200 

160 

ns 

Clock to Q 

5 

10 

15 

250 

115 

90 

500 

230 

180 

ns 

Transition 

Time : t THL , t TLH 

5 

10 

15 

100 

50 

40 

200 

100 

80 

ns 

Minimum Clock 

Pulse Width, t yy 

5 

10 

15 

100 

50 

30 

200 

100 

60 

ns 

Minimum Hold Time, t^ 

5 

10 

15 

60 

30 

25 

120 

60 

50 

ns 

Minimum Setup 

Time, t§ 

5 

10 

15 

0 

0 

0 

50 

30 

25 

ns 

Clock Input Rise or Fall 

Time: t r , tf 

5,10 

15 

Not rise or fall 
time sensitive. 

IIS 

Input Capacitance, C||\j 
(Any Input) 

- 

5 

7.5 

PF 





Fig. 8 — Typical propagation delay time vs. 
load capacitance— dock to Q 



92CS-2763S 

Fig. 9 — Typical propagation delay time vs. 
load capacitance-dock to Q. 



NOTES: 

1. FOR POSITIVE CLOCK EDGE, INPUT DATA IS LATCHED WHEN 
POLARITY IS LOW. 

2. FOR NEGATIVE CLOCK EDGE, INPUT DATA IS LATCHED WHEN 
POLARITY IS HIGH. 
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Fig. 10- Typical power dissipation vs. 
frequency. 


V DD 



Fig. 12 - Dynamic test parameters. 


Fig. 13 — Quiescent device current test circuit. 



Fig. 11 — Typical transition time vs. load 
capacitance. 




| NOTE : 

V SS TEST ANY COMBINATION 

OF INPUTS 


Fig. 14 - Input voltage test circuit. 


166 






CD4042B Types 



92CS- 27402 

Fig. 15 — Input current test circuit. 


Chip Photograph, Dimensions, and Pad Layout 

..0 10 20 30 40 30 60 70 73 

4 I I I I I I I I r 


I 3 VL fa asMBLai 



Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~3 inch). 


The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips , the cleavage 
angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0. 17 mm) larger in both dimensions. 
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CD4043B, CD4044B Types 


COS/MOS Quad 3-State 
R/S Latches 

High-Voltage Types (20-Volt Rating) 

Quad NOR R/S Latch - CD4043B 
Quad NAND R/S Latch - CD4044B 


The RCA-CD4043B types are quad cross- 
coupled 3-state COS/MOS NOR latches and 
the CD4044B types are quad cross-coupled 
3-state COS/MOS NAND latches. Each latch 
has a separate Q output and individual SET 
and RESET inputs. The Q outputs are con- 
trolled by a common ENABLE input. A 
logic "1" or high on the ENABLE input 
connects the latch states to the Q outputs. 
A logic "0" or low on the ENABLE input 
disconnects the latch states from the Q 
outputs, resulting in an open circuit condi- 
tion on the Q outputs. The open circuit 
feature allows common busing of the out- 
puts. 

The CD4043B and CD4044B types are sup- 
plied in 16-lead hermetic dual-in-line cer- 
amic packages (D and F suffixes), 16-lead 
dual-in-line plastic packages (E suffix), 16- 
lead ceramic flat packages (K suffix), and in 
chip form (H suffix). 



50 


EQUIVALENT c Vnn 

NAND LATCH | i 

n I 


Features: 

■ 3-state outputs with common output 
ENABLE 

■ Separate SET and RESET inputs for 
each latch 

■ NOR and NAND configurations 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Standardized symmetrical output 
characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 juA at 18 V over 
full package temperature range; 100 nA at 
18 V and 25°C 

■ Noise margin (over full package temperature 
range): 1 V at V DD = 5 V 

2 Vat V DD = 10 V 
2.5 Vat V DD = 15 V 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

■ Holding register in multi-register system 

■ Four bits of independent storage with 
output ENABLE 

■ Strobed register 

■ General digital logic 



CD4043B 

FUNCTIONAL DIAGRAM 



CD4044B I 8 
FUNCTIONAL Vss 
DIAGRAM 




*ALL INPUTS PROTECTED 
BY COS/MOS INPUT 
PROTECTION NETWORK 


04 

V. 

!• 

J 

16 

— V 0D 

04 



I* 

J 

16 

01 

2 

IS 

— R4 

NC 

2 

15 

R 1 — 

3 

14 

— S4 

SI — 

3 

14 

SI — 

4 

13 

— NC 

Rl — 

4 

13 

ENABLE — 

5 

12 

— S3 

ENABLE — 

5 

12 

S2 

6 

II 

— R3 

R2 

6 

II 

R2 — 

7 

10 

— Q3 

S2 — 

7 

10 

V S S — 

8 

9 

— 02 

v s s — 

8 

9 


TOP VIEW 

NC s NO CONNECTION 

CD4043B 


TERMINAL ASSIGNMENTS 


NC» NO CONNECTION 

re CD4044B 


Fig. 1 — Logic diagrams. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to V§s Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vpp +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT . . . ±10 mA 


POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T A = -55 to +1 00°C (PACKAGE TYPES D,F) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D, F) . . . Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D, F, H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265°C 


Recommended Operating Conditions T A =25°C 
For maximum reliability, nominal operating 
conditions should be selected so that opera- 
tion is always within the following ranges. 


Characteristic 

V DD 

(V) 

Min. 

Max. 

Units 

Supply-Voltage Range 
(T a = Full Package 
Temperature Range) 


3 

18 

V 

SET or RESET 

5 

160 

- 


Pulse Width, tyy 

10 

80 

- 

ns 

15 

40 

- 
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CD4043B, CD4044B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 
Values at —55, +25, +1 25 Apply to D,F,H Packages 
Values at -40, +25, +85 Apply to E Package 

UNITS 

VO 

(V) 

V|N 

(V) 

Vdd 

(V) 



+25 


-40 

+85 

+125 

Elm 

Typ. 

Iff* 

Quiescent Device 
Current, 

IqD M a x - 

- 

El 

5 

1 

1 

30 


- 

0.02 

1 

/iA 

- 

ESQ 

■El 

2 

2 

60 


- 

0.02 

mm 

- 

LStl 

KBS 

mm 

4 


mum 

- 


4 

- 

EEHI 

EH 

nu 


600 

600 

- 

0.04 

Hi 

Output Low 
(Sink) Current 
Iql Min. 

0.4 

I3H 

KM 

BTE 1 

lilW 

Qg a 

HESS 

1 jjjjj 

1 

- 


0.5 

BIB1 

m 

mm 

mm 

i.i 

ESI 

mem 


- 

1.5 

Em 

■a 

mm 

4 

2.8 

2.4 

mm 

6.8 

- 

Output High 
(Source) 

Current, 

Iqh Min. 

4.6 

m 

m 

E£g] 



-0.36 


-1 

- 

2.5 

Km 

mm 

-2 

mm 

BEl 

ESS 

mm 


- 

9.5 

ESEI 

■El 

mi 

am 

-1.1 

EEl 

BEM 

-2.6 

- 

13.5 

Em 

■a 

■a 

-4 

asm 

mm 

ESI 

-6.8 

- 

Output Voltage: 
Low-Level, 

VOL Max. 

- 

jin 

5 

0.05 

- 

0 

ee 

1 

- 

EBB 

m 

0.05 

- 

0 

EH 

- 


■a 

0.05 

- 

0 

Esa 

Output Voltage: 

High-Level, 

VoH Min. 

- 


5 

4.95 

Q^jJI 

5 

- 

- 

0.10 

10 

9.95 

EE9 

10 

~ 

- 

cm 

■a 

14.95 

uhh 

15 

- 

Input Low 
Voltage, 

V|i_ Max. 


- 

5 

1.5 

— 

- 

|Q 

1 


- 

na 

3 

- 

- 

MM 


- 

■a 

4 

- 

— 

4 

Input High 
Voltage, 

V|H Min. 

0.5, 4.5 

- 

5 

3.5 

HQE 

- 

- 

1,9 

- 

■a 

7 

7 

— 

— 

1.5, 3.5 

- 

m 

11 

11 

- 

~ 


- 




±0.1 

±i 

±i 

■ 

in 

1 

o 

+i 


EE 

3-State Output 
Leakage Current 
• OUT Max. 


0,18 

18 

±0.4 

±0.4 

±12 

±12 

■ 



Q 



Fig. 2 — Typical output low (sink) Fig. 3 — Minimum output low (sink) Fig. 4 — Typical output high (source) 

current characteristics. current characteristics. current characteristics. 
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CD4043B, CD4044B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25° C; Input t r , t f = 20 ns, 
C L = 50 pF, R l = 200 Ki 2 


CHARACTERISTIC 

Vdd 

LIMITS 

ALL TYPES 

UNITS 


(V) 

TYP. 

MAX. 


Propagation Delay 

5 

150 

300 


Time: t PHL , t PLH 

10 

70 

140 

ns 

SET or RESET to Q 

15 

50 

100 


3-State Propagation Delay 

5 

115 

230 


Time: ENABLE to Q 

10 

55 

110 

ns 

tPHZ' tPZH 

15 

40 

80 



5 

90 

180 


t PLZ» tPZL 

10 

50 

100 

ns 


15 

35 

70 


Transition Time: 

5 

100 

200 


l THL> tTLH 

10 

50 

100 

ns 


15 

40 

80 


Minimum 

5 

80 

160 


SET or RESET 

10 

40 

80 

ns 

Pulse Width, % 

15 

20 

40 


Input Capacitance, 

(Any Input) C !N 

- 

5 

7.5 

pF 


TEST CIRCUITS 



Fig. 5 — Minimum output high (source) 
current characteristics. 
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LOAD CAPACITANCE <C|_) — pF 



Fig. 7 — Typical propagation delay time Fig. 8 — Typical power dissipation vs. 

vs. load capacitance— SET, freauency 

RESET to Q,Q. 





Fig. 10 — Input voltage. 


Fig. 11 — Input current. 


Fig. 12 - Switch bounce eliminator. 
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CD4043B, CD4044B Types 



Fig. 13 - ENABLE propagation delay time test circuit and waveforms. 


CHIP PHOTOGRAPHS 
DIMENSIONS AND PAD LAYOUTS 



MCIITTW 


CD4043BH 


0 10 20 30 40 50 60 65 



S2CS-2773I 


CD4044BH 



Fig. 14 — Multiple bus storage. 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10~3 inch). 

The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips , the cleavage 
angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0. 17 mm) larger in both dimensions. 


OUTPUT 

DATA 

BUS 
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CD4045B Types 


COS/MOS 21 -Stage Counter 

High-Voltage Types (20-Volt Rating) 


The RCA-CD4045B is a timing circuit con- 
sisting of 21 counter stages, two output- 
shaping flip-flops, two inverter output drivers, 
and input inverters for use in a crystal oscil- 
lator. The CD4045B configuration provides 
21 flip-flop counting stages, and two flip- 
flops for shaping the output waveform for a 
3.125% duty cycle. Push-pull operation is 
provided by the inverter output drivers. 

The first inverter is intended for use as a 
crystal oscillator/amplifier. However, it may 
be used as a normal logic inverter if desired. 
A crystal oscillator circuit can be made less 
sensitive to voltage-supply variations by the 
use of source resistors. In this device, the 
sources of the p and n transistors have been 
brought out to package terminals. If external 
resistors are not required, the sources must 
be shorted to their respective substrates (Sp 
to V DD , S n to Vgg). See Fig. 1. The first 
inverter in conjunction with an outboard 
inverter, such as 1/6 CD4069, and Rx» Cx, 
and Rg can also be used to construct an 
RC oscillator. The following data is supplied 
as a guide in the selection of values for Rx, 
Rg, and Cx used in Fig. 1 1 : 

1. Rx max = 10 M£2 with Rg = 10 M£2 
and C x = 50 pF 

2. C x max = 25 /iF with Rg = 560 k£2 
and Rx = 50 k£2 

The CD4045B types are supplied in 16-lead 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
ages (E suffix), 1 6-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


Features: 

■ Very low operating dissipation 

<1 mW (typ.) @ Vqd = 5 V, f 0 = 1 MHz 

■ Output drivers with sink or source capability 

7 mA (typ.) @ Vpn = 5 V 

■ Medium speed (typ.) . . . f0 = 25 MHz @ Vqq = 10 V 

■ 100% tested for quiescent current at 20 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative Standard 
No. 13A, Standard Specifications for Descripiton of 
'B' Series CMOS Devices" 


MAXIMUM RATINGS, A bso/ute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD > 

(Voltages referenced to V$s Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS 

DC INPUT CURRENT, ANY ONE INPUT 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 

For T a = -55 to +1 00°C (PACKAGE TYPES D, F) 

For T a = +1 00 to +1 25°C (PACKAG E TYPES D, F) ... Derate Linearly at 1 2 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T a = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 
OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, H 

PACKAGE TYPE E 

STORAGE TEMPERATURE RANGE (T stQ ) 



-0.5 to +20 V 
-0.5 to Vqq +0.5 V 
. . . ±10 mA 


. . 500 mW 

mW/°C to 200 mW 
. . 500 mW 

mW/°C to 200 mW 


-55 to +125°C 
-40 to +85°C 
-65 to +1 50°C 


LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch ( 1 .59 ± 0.79 mm) from case for 1 0 s max 


Applications: 

■ Digital equipment in which ultra-low dissi- 

pation and/or operation using a battery 
source is required. 

■ Accurate timing from a crystal oscillator 

for timing applications such as wall clocks, 
table clocks, automobile clocks, and digital 
timing references in any circuit requiring 
accurately timed outputs at various inter- 
vals in the counting sequence. 

■ Driving miniature synchronous motors, 

stepping motors, or external bipolar tran- 
sistors in push-pull fashion. 


- - ilr-L. 


«li — )! — 

Y]\ 

1 i 

2 097152 
MHz 

i 

1 0R< 

sj 

R X 


. *o| 

r\ I 1 

1 ----- 
T 



J^L- 


f/m 




REFER TO APPLICATION NOTE 
ICAN 6086 FOR THE CHOICE OF 
OSCILLATOR COMPONENT VALUES 
AND TYPICAL OSCILLATOR CURRENTS 


-*1 H-1'32 

1/2 SEC -J I— 


Fig. 1 — CD4045B and outboard components in a typical 21 -stage counter application. 
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CD4045B Types 


STATIC ELECTRICAL CHARACTERISTICS 






LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55,+25,+125 Apply to D,F,H Packages 

u 

N 

CHARACTERISTIC 

CONDITIONS 

Values at -40,+25,+85, Apply to E Package 


v O 

V|N 

VDD 





+25 

T 


(V) 

(V) 

(V) 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

S 

Quiescent Device 

_ 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 


Current, Ipp Max. 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

mA 


- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 


- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 


Output Low (Sink) 

0.4 

0,5 

5 

4.5 

4.3 

2.9 

2.5 

3.6 

7 

- 


Current Iql Min. 

0.5 

0,10 

10 

11.2 

10.5 

7.7 

6.3 

9.1 

18 

- 


1.5 

0,15 

15 

29.4 

28 

19.6 

16.8 

23.8 

47 

- 

mA 

Output High (Source) 

4.6 

0,5 

5 

-4.5 

-4.3 

-2.9 

-2.5 

-3.6 

-7 

- 

Current, lOH Min. 

9.5 

0,10 

10 

-11.2 

-10.5 

-7.7 

-6.3 

-9.1 

-18 

- 


13.5 

0,15 

15 

-29.4 

-28 

-19.6 

-16.8 

-23.8 

-47 

- 


Pin 1 5 Output 

0.4,4. 6 

0,5 

5 

- ' 

±0.1 

±0.18 

- 


Low and High 

0.5,9. 5 

0,10 

10 

- 

±0.2 

±0.3 

- 

mA 

Current, loL-'OH 

1.5,13.5 

0,15 

15 

- 

±0.5 

±1 

- 


Output Voltage: 

- 

0,5 

5 

0.05 

- 

- 

0.05 


Low-Level, 

- 

0,10 

10 

0.05 

- 

- 

0.05 


VOL Max. 

- 

0,15 

15 

0.05 

- 

- 

0.05 

V 

Output Voltage: 

- 

0,5 

5 

4.95 

4.95 

- 5 

- 


High-Level, 

- 

0,10 

10 

9.95 

9.95 

10 

I~! 


V 0H Min. 

- 

0,15 

15 

14.95 

14.95 

15 

- 


Input Low 

0.5, 4.5 

- 

5 

1.5 

- 

- 

1.5 


Voltage 

1,9 

- 

10 

3 

- 

- 

3 


V||_ Max. 

1.5,13.5 


15 

4 

- 

- 

4 

V 

Input High 

0.5, 4. 5 

- 

5 

3.5 

3.5 

- 


Voltage, 

1,9 

- 

10 

7 

7 

- 

- 


V|h Min. 

1.5,13.5 

- 

15 

11 

11 

- 

- 


Input Current 
l| N Max. 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10- 5 

±0.1 

JUA 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that operation is 
always within the following ranges 


CHARACTERISTIC 

VDD 

(V) 

LIMITS 

UNITS 

Min. 

Max. 

Supply- Voltage Range (For T^= Full Package- 
Temperature Range) 

- 

3 

18 

V 


5 

- 

100 


Minimum Input-Pulse Width, ty/y 

10 

- 

50 

ns 


15 

- 

40 


Maximum Input— Pulse Frequency, f 0 
(External Pulse Source) 

5 

10 

15 

5 

12 

15 

— 

MHz 
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CD4045B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C; Input t r , tf = 20 ns, 
Cl 55 50 pF, R L = 200kft 


TEST 

CONDITIONS V DD 
V 


CHARACTERISTIC 

Propagation Delay Time: 
0 1 to y or y+d out 
t PHL' tPLH 
Transition Time: 

tTHL' t TLH 


Minimum Input-Pulse Width 


Input-Pulse Rise or Fall Time: 
t r 0, t f 0 


Maximum Input-Pulse 
Frequency: 

(External Pulse Source) f ^ 

Input Capacitance, Cjn Any Input 

Variation of Output Frequency 

(Unit-to-Unit) f = 5 MHz 

RC Oscillator Operation 

Maximum Oscillator Frequency R x = 50 k£2. 




If: 

[[ill 

■1 

> - ~rflfr GATE - SOURCE VOLTAGE 0 

AMBIENT TEMPERATURE (T A )*25*C 



50 

100 

25 

50 

20 

40 

- 

500 

- 

500 

- 

500 


DRAIN -TO- SOURCE VOLTAGE (V DS )— V 

92CS-2I340 

Fig. 2 — Typical output low (sink) current 
characteristics. 


| 25 mm±CATE SOURCE VOLTAGE (Vg S )« 5V j 


(See Fig. 1 1 ) 


osc 


DRAIN-TO- SOURCE VOLTAGE (Vqs)- 


R s = 560 kft 
C x = 50pF 










CD4045B Types 



Fig. 10 — Typical RC oscillator frequency as a Fig. 1 1 — Typical RC circuit. Fig. 12 — Quiescent-device-current test circuit, 

function of resistance (Ft 
See Fig. 1 1. 



V ss TEST ANY COMBINATION 

OF INPUTS 

92CS-2744IRI 

Fig. 13 — Noise-immunity test circuit. 



Fig. 14 — Input-leakage-current test circuit. 


V DD 



92CS-3I350 


Fig. 15 — Dynamic power dissipation test circuit. 


O 10 20 30 40 50 60 70 80 90 100 



92CM-3I355 


Dimensions and pad layout for CD4045B. 

The photographs and dimensions represent 
a chip when it is part of the wafer. When the 
Dimensions in parentheses are in millimeters and wafer is cut into chips , the cleavage angles 

are derived from the basic inch dimensions as in- ar9 57 0 instead of 90° with respect to the 

dicated. Grid graduations are in mils (10-3 inch). ^ Qf f/)tf chjp Thereforg the j stated 

chip is actually 7 mils (0.17 mm) larger 
in both dimensions. 


TERMINAL DIAGRAM 
Top View 



92CS-24478R2 

NC = NO CONNECTION 

NOTE Observe power-supply terminal connec- 
tions, Vqq is terminal No. 3 and Vgg is 
terminal No. 14 (not 16 and 8 respec- 
tively, as in other CD4000B Series 1 6-lead 
devices). 
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CD4046B Types 


COS/MOS Micropower 
Phase-Locked Loop 

The RCA-CD4046B COS/MOS Micropower 
Phase-Locked Loop (PLL) consists of a low- 
power, linear voltage-controlled oscillator 
(VCO) and two different phase comparators 
having a common signal-input amplifier and 
a common comparator input. A 5.2-V zener 
diode is provided for supply regulation if 
necessary. 

The CD4046B types are supplied in 16-lead 
ceramic dual-in-line packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
ages (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 

VCO Section 

The VCO requires one external capacitor Cl 
and one or two external resistors (R1 or R1 
and R2). Resistor R1 and capacitor Cl 
determine the frequency range of the VCO 
and resistor R2 enables the VCO to have a 
frequency offset if required. The high input 
impedance (10*1 2£2) of the VCO simplifies 
the design of low-pass filters by permitting 
the designer a wide choice of resistor-to- 
capacitor ratios. In order not to load the 
low-pass filter, a source-follower output of 
the VCO input voltage is provided at terminal 
10 (DEMODULATED OUTPUT). If this 
terminal is used, a load resistor (Rs) of 10 
kO or more should be connected from this 
terminal to VgS- If unused this terminal 
should be left open. The VCO can be con- 
nected either directly or through frequency 
dividers to the comparator input of the 
phase comparators. A full COS/MOS logic 
swing is available at the output of the VCO 
and allows direct coupling to COS/MOS 
frequency dividers such as the RCA-CD4024, 
CD4018, CD4020, CD4022, CD4029, and 
CD4059. One or more CD4018 (Preset- 
table Divide-by-N Counter) or CD4029 (Pre- 
settable Up/Down Counter), or CD4059A 
(Programmable Divide-by-"N" Counter), to- 
gether with the CD4046B (Phase-Locked 
Loop) can be used to build a micropower 
low-frequency synthesizer. A logic 0 on the 
INHIBIT input "enables" the VCO and the 
source follower, while a logic 1 "turns off" 
both to minimize stand-by power consump- 
tion. 


Features: 

■ Very low power consumption: 

70 /iW (typ.) at VCO f 0 = 10 kHz, V DD = 5 V 

■ Operating frequency range up to 1.4 MHz (typ.) 
at V DD = 10 V, Rl = 5 k£2 

■ Low frequency drift: 0.04%/° C (typ.) at Vqq = 10 V 

■ Choice of two phase comparators: 

Exclusive-OR network (I) 

Edge-controlled memory network with phase-pulse 
output for lock indication (II) 

■ High VCO linearity: <1% (typ.) at Vqq = 10 V 

■ VCO inhibit control for ON-OFF keying 
and ultra-low standby power con- 
sumption 

■ Source-follower output of VCO control 
input (Demod. output) 

■ Zener diode to assist supply regulation App 

■ Standardized, symmetrical output ■ FIV 

characteristics ■ Frc 

■ 100% tested for quiescent current at 20 V ■ Fre 

■ 5-V, 10-V, and 15-V parametric ratings ■ Da 

■ Meets all requirements of JEDEC Tentative m 

Standard No. 13A,"Standard Specifications " 

for Description of 'B' Series CMOS Devices" u ^ 


PHASE 
PULSES ' 
PHASE COMP 
I OUT ' 
COMPARATOR 



TERMINAL ASSIGNMENT 


Applications: 

■ FM demodulator and modulator 

■ Frequency synthesis and multiplication 

■ Frequency discriminator 

■ Data synchronization 

■ Voltage-to-frequency conversion 

■ Tone decoding 

■ FSK - Modems 

■ Signal conditioning 

■ (See ICAN-6101) "RCA COS/MOS 
Phase-Locked Loop — A Versatile 
Building Block for Micropower 
Digital and Analog Applications" 






ALL INPUTS APE PROTECTED 
BY COS/MOS PROTECTION 
NETWORK 


Fig. 1 — COS/MOS phase-locked loop block diagram. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE. (V DD ) 

(Voltages referenced to Vgs Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T a = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 1 2 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D,F,) 500 mW 

For T a = +100 to +125°C (PACKAGE TYPES D, F, ) . . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 


OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D, F, H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 


STORAGE TEMPERATURE RANGE (T stg ) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 


Phase Comparators 

The phase-comparator signal input (terminal 
14) can be direct-coupled provided the signal 
swing is within COS/MOS logic levels [logic 
"0" <30% (Vdd-Vss). logic "1" > 70% 
(Vdd-VssH • For smaller swings the signal 
must be capacitively coupled to the self- 
biasing amplifier at the signal input. 

Phase comparator I is an exclusive-OR net- 
work; it operates analagously to an over- 
driven balanced mixer. To maximize the lock 
range, the signal- and comparator-input fre- 
quencies must have a 50% duty cycle. With 
no signal or noise on the signal input, this 
phase comparator has an average output 
voltage equal to Vqd/ 2. The low-pass filter 
connected to the output of phase comparator 
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CD4046B Types 


RECOMMENDED OPERATING CONDITIONS at T A = Full Package-Temperature Range 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 


Min. 

Max. 


Supply-Voltage Range VCO Section: 




As Fixed Oscillator 

3 

18 


Phased-Lock-Loop Operation 

5 

18 

V 

Supply-Voltage Range Phase Comparator Section: 




Comparators 

3 

18 


VCO Operation 

5 

18 



DESIGN INFORMATION 

This information is a guide for approximating 
the values of external components for the 
CD4046A in a Phase-Locked-Loop system. 


The selected external components must be 
within the following ranges: 

5 k£2< R1, R2, R s < 1 
Cl >100pFatV DD >5V; 

Cl >50 pF at V DD > 10 V 


Characteristics 

Phase 

Comparator 

Used 

Design Information 

VCO Frequency 

1 

VCO WITHOUT OFFSET 

r 2 = °o 

VCO WITH OFFSET 

'max 

'0 

/4 

/ i * i, 

( MAX 

'mm 

L/'° 

1*"- 

1 

1 


V dd /2 Vqo 

VCO INPUT VOLTAGE 

W2 V DD 

VCO INPUT VOLTAGE 

92CS-200I2RI 

2 

Same as for No.1 

For No.Signal Input 

1 

VCO will adjust to center frequency, f 0 

2 

VCO will adjust to lowest operating frequency, f m j n 

Frequency Lock 

Range, 2 f|_ 

1 

2 f|_ = full VCO frequency range 

2 fL = fmax~fmin 

2 

Same as for No.1 

Frequency Capture 
Range, 2 f c 

Loop Filter 

Component 

Selection 

1 

O-A/W* — O ( 1 ) , (2) 

TI-R3C2 1 /27Tf J_ 

IN R3 OUT 

O — ww — o 

S R4 For 2 fc, see Ref. (2) 

i 2 

92CS-2I90* 

2 

fc = fL 

Phase Angle Between 
Signal and Comparator 

1 

90° at center frequency (f G ) approximating 0° 
and 180° at ends of lock range (2 f|_) 

2 

Always 0° in lock 

Locks On Harmonic of 
Center Frequency 

1 

Yes 

2 

No 

Signal Input 

Noise Rejection 

1 

High 

2 

Low 


For further information, see 

(1) F. Gardner, "Phase-Lock Techniques" John Wiley and Sons, New York, 1966 

(2) G.S. Moschytz, "Miniaturized RC Filters Using Phase-Locked Loop", BSTJ, May, 1965. 


I supplies the averaged voltage to the VCO 
input, and causes the VCO to oscillate at the 
center frequency (f Q ). 

The frequency range of input signals on 
which the PLL will lock if it was initially 
out of lock is defined as the frequency cap- 
ture range (2f c ). . . 

The frequency range of input signals on 
which the loop will stay locked if it was 
initially in lock is defined as the frequency 
lock range (2f[_). The capture range is < the 
lock range. 

With phase comparator I the range of fre- 
quencies over which the PLL can acquire 
lock (capture range) is dependent on the 
low-pass-filter characteristics, and can be 
made as large as the lock range. Phase-com- 
parator I enables a PLL system to remain 
in lock in spite of high amounts of noise 
in the input signal. 

One characteristic of this type of phase com- 
parator is that it may lock onto input fre- 
quencies that are close to harmonics of the 
VCO center-frequency. A second charac- 
teristic is that the phase angle between the 
signal and the comparator input varies be- 
tween 0° and 180°, and is 90° at the center 
frequency. Fig. 2 shows the typical, trian- 
gular, phase-to-output response characteristic 
of phase-comparator I. Typical waveforms 
for a COS/MOS phase-locked-loop employ- 
ing phase comparator I in locked condition 
of f Q is shown in Fig. 3. 


I 



SIGNAL-TO- COMPARATOR 
INPUTS PHASE DIFFERENCE 


92CS-Z0009 

Fig. 2 — Phase-comparator I characteristics 
at low-pass filter output. 


SIGNAL. INPUT (TERM. 14) 

VCO OUTPUT (TERM 4). 
COMPARATOR INPUT 
(TERMS) 


VCO INPUT (TERM. 9)* 
■LOW- PASS FILTER 
OUTPUT 


_n_n_n_r 


— v ss 

92CS-200I0RI 


Fig. 3 — Typical waveforms for COS/MOS phase- 
locked loop employing phase comparator 
I in locked condition of f Q . 


Phase-comparator II is an edge-controlled 
digital memory network. It consists of four 
flip-flop stages, control gating, and a three- 
state output circuit comprising p- and n-type 
drivers having a common output node. When 
the p-MOS or n-MOS drivers are ON they 
pull the output up to Vqd or down to 
Vss, respectively. This type of phase com- 
parator acts only on the positive edges of 
the signal and comparator inputs. The duty 
cycles of the signal and comparator inputs 
are not important since positive transitions 
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CD4046B Types 


STATIC ELECTRICAL CHARACTERISTICS 






LIMITS AT INDICATED TEMPERATURE (°C) 

U 

CHARAC- 

TERISTIC 

CONDITIONS 

Values at -55, +25, +125 Apply to D,F,H Package: 
Values at -40, +25, +85 Apply to E Package 

N 


<o 

V|N 

(V) 

V DD 

(V) 





+25 

S 


-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 


VCO Section 


Output Low 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 


(Sink) Current 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 


1 q (_ Min. 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 


Output High 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

mA 

(Source) 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 


Current, 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 


'oh M,n - 

13.5 

0.15 

15 

- 42 _ 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 


Output Voltage: 

Term. 4 

0,5 

5 

0.05 

_ 

0 

0.05 


Low-Level, 

driving 

0,10 

10 

0.05 

- 

0 

0.05 


Vq|_ Max. 

CMOS 

0,15 

15 

0.05 

- 

0 

0.05 

V 

Output 


0,5 

5 

4.95 

4.95 

5 

- 


Voltage: 

e.g. 

0,10 

10 

9.95 

9.95 

10 

_ 


High-Level, 

V Qj-| Min. 

Term. 3 

0,15 

15 

14.95 

14.95 

15 

- 


Input Current 
l )N Max. 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10“ 5 

±0.1 

/iA 

Phase Comparator Section 

Total Device 

- 

0,5 

5 

0.1 


- 

0.05 

0.1 


Current, Iqq Max. 
Term. 14 open, 
Term. 5 = Vqq 

- 

0,10 

10 

0.5 


- 

0.25 

0.5 

mA 

- 

0,15 

15 

1.5 


- 

0.75 

1.5 


- 

0,20 

20 

4 


- 

2 

4 



- 

0,5 

5 

20 


- 

10 

20 


Term. 14 = Vg$ 
or Vqq, Term. 5 

- 

0,10 

10 

40 


- 

20 

40 

/iA 

- 

0,15 

15 

80 


_ 

40 

80 


V DD 

- 

0,20 

20 

160 


— 

80 

160 


Output Low 
(Sink) Current 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 


0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 


Iql Min. 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 


Output High 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

mA 

(Source) 

Current 

'oh Min - 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 


9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 


13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 


DC-Coupled 

Signal Input and 
Comparator Input 
Voltage Sensitivity 
Low Level 

0.5, 4.5 


5 



1.5 




1.5 


1,9 

- 

10 



3 


- 

- 

3 


V (L Max. 

1.5,13.5 

- 

15 



4 


- 

- 

4 

V 

High Level 

0.5, 4.5 

- 

5 



3.5 


3.5 

- 

- 


V | j_| Min. 

1,9 

- 

10 



7 


7 

- 

- 


1.5,13.5 

- 

15 



11 


11 

- 




control the PLL system utilizing this type 
of comparator. If the signal-input fre- 
quency is higher than the comparator-input 
frequency, the p-type output driver is main- 
tained ON most of the time, and both the 
n and p drivers OFF (3 state) the remainder 


of the time. If the signal-input frequency 
is lower than the comparator-input frequen- 
cy, the n-type output driver is maintained 
ON most of the time, and both the n and 
p drivers OFF (3 state) the remainder of 
the time. If the signal- and comparator- 


input frequencies are the same, but the 
signal input lags the comparator input in 
phase, the n-type output driver is main- 
tained ON for a time corresponding to the 
phase difference. If the signal- and com- 
parator-input frequencies are the same, but 
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CD4046B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURE (°C) 

Values at -55, +25, +125 Apply to D,F,H Packages 
Values at -40, +25, +85 Apply to E Package 

U 

N 

1 

T 

S 

Vo 

(V) 

V| N 

(V) 

V DD 

(V) 

-55 

-40 

+85 

+125 

+25 

Min. 

Typ. 

Max. 

Phase Comparator Section (cont'd) j 

Input Current 
l|N Max. 

(except Term.14) 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10“ 5 

±0.1 

MA 

3-State Leakage 
Current, 

•out Max - 

0,18 

0,18 

18 

±0.4 

±0.4 

±12 

±12 

- 

±10 -4 

±0.4 

MA 


ELECTRICAL CHARACTERISTICS at T A = 25°C 


CHARAC- 

TERISTIC 

TEST CONDITIONS 1 

V DD 

(V) 

LIMITS 

ALL TYPES 
Min.l Tvd. 1 Max. 

UNITS 

VCO Section j 

Operating Power 
Dissipation, Pp 

f 0 = 10 kHz 

R2 = 00 

R-l = 1 M£2 

v/rn _ V DD 
VCO|n- — — 

5 

10 

15 

— 

70 

800 

3000 

140 

1600 

6000 

/iW 

Maximum 

Operating 
Frequency f max 

C-|=50 pF 

R 2 = 00 
VCO| N =V DD 

R-j = 10 kft 

5 

10 

15 

0.3 

0.6 

0.8 

0.6 

1.2 

1.6 

- 

MHz 

C-] = 50 pF 

R 2 = 00 
VCO| N =V DD 

R -j = 5 k£7 

5 

10 

15 

0.5 

1 

1.4 

0.8 

1.4 

2.4 

— 

Center Frequency 
(f 0 ) and Frequency 
Range 

^max - ^min) 

Programmable with external components R1, R2, and Cl 

See Design Information 

Linearity 

VCO| N = 2.5V±0.3V, R t = 1 0 k£7 

5 

_ 

1.7 

_ 

% 

=5 V ± 1 V, = 100kft 

10 

— 

0.5 

_ 

=5 V ± 2.5 V, =400 k^ 

10 

- 

4 

_ 

=7.5 V ± 1 .5 V, = 100 k£2 

15 

- 

0.5 

_ 

= 7.5 V ± 5 V, = 1 Mft 

15 

- 

7 

- 

Temperature - 
Frequency 
Stability: 

No Frequency 
Offset f M | N = 0 


5 

10 

15 

- 

±0.12 

±0.04 

±0.015 

- 

%/°C 

Frequency 

Offset 
f MIN * 0 


5 

10 

15 

- 

±0.09 

±0.07 

±0.03 

- 

Output Duty 

Cycle 


5,10,15 

_ 

50 

_ 

% 

Output Transition 
Times, 

l THL' *TLH 


5 

10 

15 

- 

100 

50 

40 

200 

100 

80 

ns 


the comparator input lags the signal in phase, 
the p-type output driver is maintained ON 
for a time corresponding to the phase dif- 
ference. Subsequently, the capacitor voltage 
of the low-pass filter connected to this phase 
comparator is adjusted until the signal and 
comparator inputs are equal in both phase 
and frequency. At this stable point both p- 
and n-type output drivers remain OFF and 
thus the phase comparator output becomes 
an open circuit and holds the voltage on the 
capacitor of the low-pass filter constant. 
Moreover the signal at the "phase pulses" 
output is a high level which can be used for 
indicating a locked condition. Thus, for 
phase comparator II, no phase difference 
exists between signal and comparator input 
over the full VCO frequency range. More- 
over, the power dissipation due to the low- 
pass filter is reduced when this type of phase 
comparator is used because both the p- and 
n-type output drivers are OFF for most of 
the signal input cycle. It should be noted 
that the PLL lock range for this type of phase 
comparator is equal to the capture range, 
independent of the low-pass filter. With no 
signal present at the signal input, the VCO 
is adjusted to its lowest frequency for phase 
comparator II. Fig. 10 shows typical wave- 
forms for a COS/MOS PLL employing phase 
comparator II in a locked condition. 



Fig. 4 — Typical center frequency as a function of 
Cl and R1 at V DD = 5 V, 10 V, and 15 V. 



Fig. 5 - Center frequency as a function of Cl and 
R1 for ambient temperatures of 
-55°Cto 125° C. 
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CD4047B Types 


COS/MOS Low-Power 

Monostable/Astable 

Multivibrator 

High Voltage Types (20-Volt Rating) 

The RCA-CD4047B consists of a gatable 
astable multivibrator with logic techni- 
ques incorporated to permit positive or 
negative edge-triggered monostable 
multivibrator action with retriggering and 
external counting options. 

Inputs inclu de + TRIG GER, -TRIGGER, 
ASTABLE, ASTABLE, RETRIGGER, and 
EXTERNAL RESET. Buffered outputs are 
Q, Q, and OSCILLATOR. In all modes of 
operation, and external capacitor must be 
connected between C-Timing and RC- 
Common terminals, and an external 
resistor must be connected between the 
R-Timing and RC-Common terminals. 

Astable operation is enabled by a high 
level on t he ASTAB LE input or a low level 
on the ASTABLE input, or both. The. 
period of the square wave at the Q and Q 
Outputs in this mode of operation is a 
function of the external components 
employed. “True” input pulses on the 
ASTAB LE input o r “Complement” pulses 
on the ASTABLE input allow the circuit to 
be used as a gatable multivibrator. The 
OSCILLATOR output period will be half of 
the Q terminal output in the astable 
mode. However, a 50% duty cycle is not 
guaranteed at this output. 

The CD4047B triggers in the monostable 
mode when a positive-going edge occurs 
on the + TRIGGER-input while the 
-TRIGGER is held high. Input pulses 
may be of any duration relative to the out- 
put pulse. 

If retrigger capability is desired, the 
RETRIGGER input is pulsed. The retrig- 
gerable mode of operation is limited to 
positive-going edge. The CD4047B will 
retrigger as long as the RETRIGGER-input 
is high, with or without transitions (See 
Fig. 34). 

An external countdown option can be im- 
plemented by coupling “Q” to an external 
“N” counter and resetting the counter 
with the trigger pulse. Th e counter o utput 
pulse is fed back to the ASTABLE input 
and has a duration equal to N times the 
period of the multivibrator. 

A high level on the EXTERNAL RESET in- 
put assures no output pulse during an 
“ON” power condition. This input can 
also be activated to terminate the output 
pulse at any time, for monostable opera- 
tion, whenever Vpp is applied, an internal 
power-on reset circuit will clock the Q out- 
put low within one output period (t^)- 

The CD4047B-Series types are supplied in 
14-lead hermetic dual-in-line ceramic pack- 
ages (D and F suffixes), 14-lead dual-in-line 
plastic packages (E suffix), 1 4-lead ceramic 
flat packages (K suffix), and in chip form (H 
suffix). 
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Features: 

■ Low power consumption: special COS/MOS 

oscillator configuration 

m Monostable (one-shot) or astable (free-running) 
operation 

m True and complemented buffered outputs 

■ Only one external R and C required 
m Buffered inputs 

m 100% tested for quiescent current at 20 V 

■ Standardized, symmetrical output 

characteristics 

m 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC 

Tentative Standard No. 13B, 

“Standard Specifications for 
Description of ‘B’ 

Series CMOS Devices” 


c 

R 

R-C COMMON 
ASTABLE 

ASTABLE 

-TRIGGER 

V SS 


OS C OUT 
RETRIGGER 

5 


LEX-T- RESET 
+ TRIGGER 


TOP VIEW 


92CS -214 3 ' Rl 


Terminal Diagram 


Monostable Multivibrator Features: 

■ Positive- or negative-edge trigger 

m Output pulse width independent of 
trigger pulse duration 

■ Retriggerable option for pulse width 

expansion 

m Internal power-on reset circuit 
m Long pulse widths possible using small 
RC components by means of exter- 
nal counter provision 

■ Fast recovery time essentially indepen- 

dent of pulse width 
m Pulse-width accuracy maintained at 
duty cycles approaching 100% 

Astable Multivibrator Features: 

u Free-running ’or gatable operating 
modes 

* 50% duty cycle 


■ Oscillator output available 

■ Good astable frequency stability: 

Frequency deviation: 

= ±2% + 0.03%/ °C @ 100 kHz 
= ±0.5% + 0.015%/°C @ 10 kHz 
(circuits “trimmed” to frequency 
V D d = 10 V ± 10%) 


Applications: 

Digital equipment where low-power 
dissipation and/or high noise immunity 
are primary design requirements: 

■ Envelope detection 

■ Frequency multiplication 

■ Frequency division 

m Frequency discriminators 

■ Timing circuits 

u Time-delay applications 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so 
that operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (For T A = Full Package-Temperature 
Range) 

3 

18 

V 

NOTE: IF AT 15 V OPERATION A 10 MQ RESISTOR IS USED THE OPERATING 
TEMPERATURE SHOULD BE BETWEEN -25°C and 100°C 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltage referenced to V ss Terminal) -0.5 to +20V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5toV DD +0.5 V 

DCINPUT CURRENT, ANYONEINPUT ±10mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T a = -40 to + 60°C (PACKAGE TYPE E) 500 mW 

For T a +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T a = -55 to + 100°C (PACKAGE TYPES D,F) 500 mW 

For T a = + 100 to +125°C (PACKAGE TYPES D,F) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FORT a = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) lOOmW 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D,F,H -55 to +125°C 

PACKAGETYPEE -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stq ) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 





CD4047B Types 


CD4047B FUNCTIONAL TERMINAL CONNECTIONS 

NOTE: IN ALL CASES EXTERNAL RESISTOR BETWEEN TERMINALS 2 AND 3* 
EXTERNAL CAPACITOR BETWEEN TERMINALS 1 AND 2± 



TERMINAL CONNECTIONS 

OUTPUT 

OUTPUT PERIOD 

FUNCTION 

TO V DD 

TO V SS 

INPUT 

TO 

PULSE 

FROM 

OR 

PULSE WIDTH 

Astable Multivibrator: 






Free Running 

4,5,6,14 

7,8,9,12 

— 

10,11,13 

t A (10,11) = 4.40 RC 

.True Gating 

4,6,14 

7,8,9,12 

5 

10,11,13 

t A (13) = 2.20 RC* 

Complement Gating 

6,14 

5,7,8,9,12- 

4 

10,11,13 

Monostable Multivibrator: 






Positive-Edge Trigger 

4,14 

5,6,7,9,12 

8 

10,11 


Negative-Edge Trigger 

4,8,14 

5,7,9,12 

6 

10,11 

t M (10,H) =2.48 RC 

Retriggerable 

4,14 

5, 6, 7, 8, 9 

12 

10,11 

External Countdown* 

14 

5,6,7,8,9,12 

— 

10,11 



A See Text. 

* First positive Vz cycle pulse-width = 2.48 RC, see Note on Page 10. 

* Input Pulse to Reset of External Counting Chip External Counting Chip Output To Terminal 4 



Fig. 1—CD4047B logic block diagram. 



183 









CD4047B Types 



Fig. 3— Detail logic diagram for flip-flops FF1 and FF3 (a) and for flip-flops FF2 and FF4 (b). 




Fig. 4— Typical output low (sink) current Fig. 5— Minimum output low (sink) current 

characteristics. characteristics. 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERIS- 

TICS 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, + 25, + 125 Apply to D,F,H Packages 

UNITS 

V 0 

(V) 

V|N 

(V) 

V DD 

(V) 

i 

+25 

-55 

-40 

+ 85 

+ 125 

Min. 

Typ. 

Max. 

Quiescent 
Device Cur- 
rent, Iqd 
M ax. 

— 

0,5 

5 

1 

1 

30 

30 

— 

0.02 

1 

pA 

— 

0,10 

10 

2 

2 

60 

60 

— 

0.02 

2 

— 

0,15 

15 

4 

4 

120 

120 

— 

0.02 

4 

— 

0,20 

20 

20 

20 

600 

600 

— 

0.04 

20 

Output Low 
Low (Sink) 
Current 

I 0 l Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

— 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

— 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

■ 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

_ 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

— 

iilii 

0,10 

10 

-1.6 

IBB 

-1.1 

■ffflEl 

BB 


— 


0,15 

15 

-4.2 

-4 


Bl 

QQ 

EH 

- 

Output Volt- 
age: Low- 
Level Vql 
M ax. 

1 

0,5 

5 

0.05 

— 

0 


V 

- 


BHB 

0.05 

— 

0 


B 

KS3 


0.05 

- 

0 

0.05 



Fig. 6— Typical output high (source) curren 
characteristics. 
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Fig. 7— Minimum output high (source) current 
characteristics. 



Fig. 8 — Typical propagation delay time as a 
function of load capacitance (Astable, 
Astable to Q, Q). 



Fig. 9— Typical propagation delay time as a 
function of load_capacitance (+ or 
- trigger to Q, Q). 
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STATIC ELECTRICAL CHARACTERISTICS (CONTINUED) 





UNITS 

mm 

V|N 

(V) 



+25 . 

-55 -40 |+85 |+125 


IBM 


Output Volt- 
age: High- 
Level, Vqh 
M in. 



0.5 

B9 

4.95 


5 



■ 

_ 

0 T 10 

10 

9.95 


10 

_ 

— 

0,15 


14.95 



— 



— 


1.5 

— 

— 

Midi 

V 

1,9 

— 

10 

3 

— 

— 

3 

1.5,13.5 

— 

15 

4 


— 

4 

Input High 
Voltage, 
V||_| Min. 

0.5, 4.5 

— 

5 

3.5 

3.5 

— 

— 

1.9 

— 

10 

7 

7 

— 

— 

1.5,13.5 

- 

15 

11 

11 

- 

- 

Input Cur- 
rent I|n 
M ax. 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 


±10 5 

±0.1 

pA 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r , tf = 20ns, 
C L = 50 pF, R L = 200 kQ 


CHARACTERISTICS 

V DD 

(V) 

LIMITS 

UNITS 

Min. 

Typ. 

Max. 

Propagation Delay Time: tPHL’tPLH 

Astable, Astable to Osc. Out 

5 

10 

15 

- 

200 

100 

80 

400 

200 

160 

ns 

Astable, Astable to Q, Q 

5 

10 

15 

- 

350 

175 

125 

700 

350 

250 

+ or - Trigger to Q, Q 

5 

10 

15 


500 

225 

150 

1000 

450 

300 

Retrigger to Q, Q 

5 

10 

15 

- 

300 

150 

100 

600 

300 

200 

External Reset to Q, Q 

5 

10 

15 

- 

250 

100 

70 

500 

200 

140 

Transition Timej_ ^THL^TLH 

Osc. Out, Q, Q 

5 

10 

15 

— 

100 

50 

40 

200 

100 

80 

Minimum Input Pulse Width: tyy 

+ Trigger, -Trigger 

5 

10 

15 

— 

200 

80 

50 

400 

160 

100 

Reset 

5 

10 

15 

- 

100 

50 

30 

200 

100 

60 

Retrigger 

5 

10 

15 

- 

300 

115 

75 

600 

230 

150 

Input Rise and Fall Time: t r , tf 

All Inputs 

5 

10 

15 

Unlimited 

pS 

Q or"Q Deviation from 50% 

Duty Factor 

5 

10 

15 

- 

±0.5 

±0.5 

±0.1 

±1 
±1 
• ±0.5 

% 

Input Capacitance, Cjn 

Any 

Input 

- 

5 

7.7 

PF 



• •!!!■ SS 55! S SS 5 5555 SSSSS 1 
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mm 
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0 20 40 60 80 100 

LOAD CAPACITANCE (C L ) — pF 92CS-2432, 

Fig. 10— Typical transition time as a function 
of load capacitance. 



Fig. 11— Typical astable oscillator or Q, Q 
period accuracy vs. supply voltage. 



Fig. 12— Typical astable oscillator or Q, <7 
period accuracy vs. supply voltage. 



Fig. 13— Typical astable oscillator or Q, Q 
period accuracy vs. supply voltage. 
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-55 -35 -15 5 25 45 65 85 105 125 145 


AMBIENT TEMPERATURE (T A ) — "C 92CS-32943 

Fig. 14— Typical astable oscillator or Q, O’ 

period accuracy vs. ambient temper- 
ature (ultra-low frequency). 



Fig. 17— Typical astable oscillator or Q, 0 

period accuracy vs. ambient temper- 
ature (high-frequency). 



Fig. 20— Typical output pulse-width variations 
vs. supply voltage. 



Fig. 23— Typical output pulse-width variations 
vs. ambient temperature. 



AMBIENT TEMPERATURE (T A ) — °C 92CS-32944 

Fig. 15— Typical astable oscillator or Q, 0* 

period accuracy vs. ambient temper- 
ature (low frequency). 
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AMBIENT TEMPERATURE (T A )— *C ' 


Fig. 18 — Typical astable oscillator or Q, Q 
period accuracy vs. ambient 
temperature. 



Fig. 21— Typical output pulse-width 

variations vs. supply voltage. 



Fig. 24— Typical output-pulse-width variations 
vs. ambient temperature. 



AMBIENT TEMPERATURE ( T A ) — °C 92CS-32945 

Fig. 16— Typical astable oscillator or Q, Q 

period accuracy vs. ambient temper- 
ature (medium frequency). 



Fig. 19— Typical output pulse-width variations 
vs. supply voltage. 



Fig. 22— Typical output pulse-width variations 
vs. ambient temperature. 



Fig. 25— Typical output pulse-width variations 
vs. ambient temperature. 
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Fig. 26— Typical power dissipation vs. output Fi 9- 27— Typical power dissipation vs. output p, g 28— Typical power dissipation vs. output 
frequency (V DD = 5 V). frequency (V DD = 10 V). frequency (V DD = 15 V). 



vss 

92CS-2740IRI 


Fig. 29— Quiescent device current 
test circuit. 



Fig. 30— Input-voltage test circuit. 


Fig. 31— Input-leakage-current 
test circuit. 


1. Astable Mode Design Information 
A. Unit-to-Unit Transfer- Voltage 
Variations — The following analysis 
presents variations from unit to unit as a 
function of transfer-voltage (V-pp) shift 
(33%— 67% Vqd) f° r free-running 
(astable) operation. 



92CS -20027 


Fig. 32— Astable mode waveforms. 

V TR 

t-| = -RC In ; 

V DD + V TR 

typically , t-j = 1.1 RC 

v DD - v TR 

to — — RC In ; 

2V DD - V T R 

typically, t 2 = 1.1 RC 

t A = 2(1! + t 2 ) 

= -2 RC In _ .^RXVPD - V TR) 

(V D d + v tr)( 2V dd - v tr) 


Typ:V-pp = 0.5 Vqq t/\ = 4.40RC 
Min: V-pp = 0.33 Vpjp) t/^ = 4.62 RC 

Max: V TR = 0.67 V DD t A = 4.62 RC 

thus if |t a = 4.40 RC|is used, the variation 
will be +5%, -0% due to variations in 
transfer voltage. 

B. Variations Due to Vpp and Tempera- 
ture Changes — In addition to variations 
from unit to unit, the astable period varies 
with Vqd and temperature. Typical varia- 
tions are presented in graphical form in 
Figs. 11 to 18 with 10 V as reference for 
voltage variations curves and 25°C as 
reference for temperature variations 
curves. 

II. Monostable Mode Design Information 

The following analysis presents varia- 
tions from unit to unit as a function of 
transfer-voltage (V-pp) shift (33% — 67% 
V DD) f° r one-shot (monostable) operation. 



92CS- 20028 


Fig. 33— Monostable waveforms. 


2V DD 

typically, t^ = 1.38 RC 

t M = (*1' + t 2 ) 

(VTR) f ( v DD “ V TR) 
t M = -RC In 

(2V DD - V TR )(2V DD ) 

where t|^ = Monostable mode pulse 
width. Values for t^ are as follows: 

Typ: V-pp = 0.5 V DD tf^ = 2.48 RC 
Min: V TR = 0.33 V DD t M =2.71 RC 

Max: V-pp = 0.67 V DD t M =2.48 RC 

thus is |t m = 2.48 RCj is used, the variation 
will be + 9.3%, -0% due to variations in 
transfer voltage. 

Note: 

In the astable mode, the first positive half 
cycle has a duration of t^; succeeding 
durations are t^/2. 

In addition to variations from unit to unit, 
the monostable pulse width varies with 
VpQ and temperature. These variations 
are presented in graphical form in Fig. 19 
to 26 with 10 V as reference for voltage- 
variation curves and 25°C as reference for 
temperature-variation curves. 
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III. Retrigger Mode Operation 

The CD4047B can be used in the retrigger 
mode to extend the output-pulse duration, 
or to compare the frequency of an input 
signal with that of the internal oscillator. 
In the retrigger mode the input pulse is 
applied to terminal 12, and the output is 
taken from terminal 10 or 1 1 . As shown in 
Fig. 34 normal monostable action is ob- 
tained when one retrigger pulse is ap- 
plied. Extended pulse duration is obtain- 
ed when more than one pulse is applied. 


For two input pulses, tpE = t-|' + t-| + 
2t2- For more than two pulses, the output 
pulse width is an integral number of time 
periods, with the first time period being 
ti' + t^, typically, 2.48RC, and all subse- 
quent time periods being ti + to, typical- 
ly, 2.2RC. 

IV. External Counter Option 

Time tM can be extended by any amount 
with tne use of external counting cir- 
cuitry. Advantages include digitally con- 
trolled pulse duration, small timing 
capacitors for long time periods, and ex- 
tremely fast recovery time. A typical im- 
plementation is shown in Fig. 35. The 
pulse duration at the output is 

‘ext = (N - 1)(t A ) + (»M + ‘a' 2 > 

where t ex + = pulse duration of the cir- 
cuitry, and N is the number of counts 
used. 



92CS-2904I 

Fig. 35— Implementation of external counter 
option. 

V. Timing-Component Limitations 

The capacitor used in the circuit should 
be non-polarized and have low leakage 
(i.e. the parallel resistance of the 
capacitor should be at least an order of 
magnitude greater than the external 
resistor used). There is no upper or lower 
limit for either R or C value to maintain 
oscillation. 

However, in consideration of accuracy, C 
must be much larger than the inherent 
stray capacitance in the system (unless 
this capacitance can be measured and 
taken into account). R must be much 


larger than the COS/MOS “ON” 
resistance in series with it, which typical- 
ly is hundreds of ohms. In addition, with 
very large values of R, some short-term in- 
stability with respect to time may be 
noted. 

The recommended values for these com- 
ponents to maintain agreement with 


previously calculated formulas without 
trimming should be: 

C > 100 pF, up to any practical value, for 
astable modes; 

C > 1000 pF, up to any practical value for 
monostable modes. 

10kQ< R< 1 MQ 

VI. Power Consumption 

In the standby mode (Monostable or 

Astable), power dissipation will be a func- 


tion of leakage current in the circuit, as 
shown in the static electrical 
characteristics. For dynamic operation, 
the power needed to charge the external 
timing capacitor C is given by the follow- 
ing formulae: 

Astable Mode: 

P = 2CV 2 f. (Output at 
terminal No. 13) 

P = 4CV 2 f. (Output at 
terminal Nos. 10 and 11) 

Monostable Mode: 

P = (2-9CV 2 ) (Duty Cycle) 


(Output at terminal Nos. 10 and 11) 

The circuit is designed so that most of the 
total power is consumed in the external 
components. In practice, the lower the 
values of frequency and voltage used, the 
closer the actual power dissipation will 
be to the calculated value. 

Because the power dissipation does not 
depend on R, a design for minimum power 
dissipation would be a small value of C. 
The value of R would depend on the 
desired period (within the limitations 
discussed above). See Figs. 27, 28, and 29 
for typical power consumption in astable 
mode. 



(2.0I2-2.I35) 


92CM- 32955 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~ 3 inch). 


The photographs and dimensions of each 
COS/MOS chip represent a chip when it is part of 
the wafer. When the wafer is cut into chips, the 
cleavage angles are 57 0 instead of 90 0 with 
respect to the face of the chip. Therefore, the 
isolated chip is actually 7 mils ( 0 . 1 7 mm) larger in 
both dimensions. 


Dimensions and pad layout for CD4047B. 
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Fig. 34— Retrigger-mode waveforms. 
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COS/MOS Multifunction 
Expandable 8-Input Gate 

High-Voltage Types (20-Volt Rating) 


The RCA-CD4048B is an 8-input gate having 
four control inputs. Three binary control 
inputs — Ka, Kb, and Kc — provide the 
implementation of eight different logic func- 
tions. These functions are OR, NOR, AND, 
NAND, OR/AND, OR/NAND, AND/OR and 
AND/NOR. 

A fourth control input, Kd, provides the 
user with a 3-state output. When control in- 
put Kd is high, the output is either a logic 
1 or a logic 0 depending on the inner states. 
When control input Kd is low, the output is 
an open circuit. This feature enables the 
user to connect this device to a common 
bus line. 


In addition to the eight input lines, an 
EXPAND input is provided that permits the 
user to increase the number of inputs into a 
CD4048B (see Fig. 2). For example, two 
CD4048B's can be cascaded to provide a 
16-input multifunction gate. When the 
EXPAND input is not used, it should be 
connected to V$S- 

The CD4048B-series types are supplied in 
1 6-lead hermetic dual-in-line ceramic pack- 
ages (D and F suffixes), 16-lead dual-in-line 
plastic packages (E suffix), 1 6-lead ceramic 
flat packages (K suffix), and in chip form (H 
suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V cc ) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D,F) 500 mW 

For T a = +100 to +125°C (PACKAGE TYPES D, F) . . . Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 


OPERATING-TEMPERATURE RANGE (T A ): 


PACKAGE TYPES D, F, H -55 to +1 25°C 

PACKAGE TYPE E -40 to +85°C 


STORAGE TEMPERATURE RANGE (T stg ) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 ± 1 / 32 inch (1 .59 ± 0.79 mm) from case for 1 0 s max. 


+265°C 



Features: 

■ Three-state output 

o Many logic functions available in one package 

■ Standardized, symmetrical output 
characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 juA at 18 V 
(full package-temperature range), 100 nA 
at 18 V and 25°C 

■ NoJse margin (full package-temperature 
range) = 1 V at V DD =5 v » 2 V at V DD 
= 10 V, 2.5 Vat V dd =15V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 



Applications: 

■ Selection of up to 8 logic functions 

■ Digital control of logic 

■ General-purpose gating logic 
— Decoding 

— Encoding 


OR/AND OR/NAND AND/OR AND/NOR 



TOP VIEW 


i 92CS-20246RI 

RECOMMENDED OPERATING CONDITIONS | 

For maximum reliability, nominal operating conditions should be selected so that TERMINAL ASSIGNMENT 

operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

MIN. MAX. 

UNITS 

Supply-Voltage Range (For T A = Full Package 
Temperature Range) 

3 

18 

V 
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"FT, K h "^h K r K d 



ALL INPUTS ARE PROTECTED 
BY COS/MOS PROTECTION 
NETWORK 


▼ V SS 

Fig. 2 — Logic diagram. 


S GATE-TO-SOURCE VOLTAGE (V GS ) = I5 V 

mmwmtm m 


DRAIN -TO -SOURCE VOLTAGE (VdS>— V 

Fig. 6 — Typical output low (sink) 
current characteristics. 

~ AMBIENT TEMPERATURE (T A )*25°C U | H I | | 


JUGATE -TO -SOURCE VOLTAGE (V GS )= 15 










Fig. 3 — Actual-circuit logic configurations. 


APPLICATIONS OF EXPAND INPUT 




V DD 

, t 

J (OUTPUT) 

t 

V DD 

OUTPUT , V 

|6 — ' 


J 771 1 

V DD -**4 2 

15 -*~V SS 

V DD**- 2 

;^[exp 


12- INPUT OR/AND GATE 

J * ( A + B + C + D) • ( E + F + G+H)- ( XI + X2+X3+ X4) 

Fig. 4 — 12-input OR/AND gate. 


16- INPUT NOR GATE 92CS-202AI 

I 1 A, +B| +C| +0, +E| +F| +G| +H, + A 2 +B 2 +C 2 +D 2 +E 2 -I-F 2 +G 2 + H 2 

Fig. 5 - 16-input NOR gate. 


DRAIN- TO- SOURCE VOLTAGE (V D S) — V 

92CS -24 

Fig. 7 - Minimum output low (sink) 
current characteristics. 

DRAIN -TO- SOURCE VOLTAGE (V D s)—V 
AMBIENT TEMPERATURE (T A )*25*C 
I | I j | jj | GATE-TO-SOURCE VOLTAGE (V G s> 




Fig. 8 — Typical output high (source) 
current characteristics. 

DRAIN-TO-SOURCE VOLTAGE ( Vqs) — V 


AMBIENT TEMPERATURE (T A ) = 2 

■ HHHHH 1I H I 

GATE-TO-SOURCE VOLTAGE (V GS ) 


Fig. 9 — Minimum output high (source) 
current characteristics. 
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STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS Values at -55, +25, +125 Apply to D,|F,H Packages 
CHARACTER- Values at -40, +25, +85 Apply to E Package 


ISTIC 

Vo 

Vjn 



+25 



(V) 

(V) 

(V) 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 


Quiescent Device 

- 

0,5 

5 

0.25 

0.25 

7.5 

7.5 

- 

0.01 

0.25 


Current, 

- 

0,10 

10 

0.5 

0.5 

15 

15 

- 

0.01 

0.5 

//A 

1 DD Max. 

- 

0,15 

15 

1 

1 

30 

30 

- 

0.01 

1 



- 

0,20 

20 

5 

5 

150 

150 

- 

0.02 

5 


Output Low 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 


(Sink) Current 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 


Iql Min. 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 


Output High 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

mA 

(Source) 

2.5 

0.5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 


Current, 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 



13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 


Output Voltage: 

... 

0.5 

5 

0.05 

- 

0 

0.05 


Low-Level, 

V 0 [_ Max. 

- 

0,10 

10 

0.05 

- 

0 

0.05 




0,15 

15 

0.05 

- 

0 

0.05 

V 

Output Voltage: 

I 

0,5 

5 

4.95 

4.95 

5 

- 


High-Level, 

- 

.0,10 

10 

9.95 

9.95 

10 

- 


VoH Min. 

- 

0,15 

15 

14.95 

14.95 

15 

- 


Input Low 

0.5,4. 5 

- 

5 

1.5 

- 

- 

1.5 


Voltage, 

1,9 

- 

10 

3 

- 

- 

3 


V| l Max. 

1.5,13.5 

- 

15 

4 

- 

- 

4 


Input High 

0.5, 4.5 

- 

5 

3.5 

3.5 

- 

- 

V 

Voltage, 

1,9 

- 

10 

7 

7 

- 

- 


V|H Min. 

1.5,13.5 

- 

15 

11 

11 

- 

- 


Input Current 
l|N Max. 


0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10~ 5 

±0.1 

JUA 

3-State Output 
Current, IquT 

0,18 

0,18 

18 

±0.4 

±0.4 

±12 

±12 

- 

±10~ 4 

±0.4 

aa 



O 20 40 GO 80 IOO 

LOAD CAPACITANCE (C L )-pF 

92CS-3I672 


Fig. 10 - Typical propagation delay time 
(logic inputs to output) 
as a function of load capacitance. 



20 40 60 80 100 

LOAD CAPACITANCE (C L ) — pF 


Fig. 11 — Typical transition time I's. load capacitance. 


IMPLEMENTATION OF EXPAND INPUT FOR 9 OR MORE INPUTS 


OUTPUT 

FUNCTION 

FUNCTION 
NEEDED AT 
EXPAND INPUT 

OUTPUT BOOLEAN 
EXPRESSION 

NOR 

OR 

J=(A+B+C+D+E+F+G+H)+(EXP) 

OR 

OR 

J=(A+B+C+D+E+F+G+H)+(EXP) 

AND 

NAND 

J=(ABCDEFGH)-(EXP) 

NAND 

NAND 

J=(ABCDEFGH)(EXP) 

OR/AND 

NOR 

J=(A+B+C+D)(E+F+G+H)-(EXP) 

OR/NAND 

NOR 

J=(A+B+C+D)(E+F+G+H)-(EXP) 

AND/NOR 

AND 

J=(ABCD)+(EFGH)+(EXP) 

AND/OR 

AND 

J=(ABCD)+(EFGH)+(EXP) 


Note: (EXP) designates the EXPAND function (i.e., X1+X2+ • • • X j\j ) . 


NOTE: 

Refer to FUNCTION 
TRUTH TABLE for 
connection of unused 
inputs. 
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CD4048B Types 


DYNAMIC CHARACTERISTICS at T A =25°C, C L =50 pF, Input t r ,tf=20 ns, 
R|_=200 k£2 unless otherwise specified 


CHARACTERISTIC 

TEST CONDI' 

riONS 

V DD 

V 

LIMITS 

All Package Types 

UNITS ■ 

Typ. 

Max. 

Propagation Delay: tpj_| |_,tpi_j_| 
Inputs to Output and 

Ka to Output 


5 

10 

15 

300 

150 

120 

600 

300 

240 

ns 

Kb to Output 


5 

10 

15 

225 

85 

55 

450 

170 

110 

Kc to Output 


5 

10 

15 

140 

50 

40 

280 

100 

80 

Expand Input to Output 


5 

10 

15 

190 

90 

65 

380 

180 

130 

3-State Propagation Delay: 

Kd to Output tpHZ^PLZ 
^ZH^PZL 

R l =1 kO 

See Fig. 21 

5 

10 

15 

80 

35 

25 

160 

70 

50 

Transition Time: tjHL^TLH 


5 

10 

15 

100 

50 

40 

200 

100 

80 

Input Capacitance: C| 

Any Input 

5 

7 

pF 

3-State Output Capacitance 


5 

10 


FUNCTION TRUTH TABLE 


OUTPUT 

BOOLEAN EXPRESSION 

K a 

Kb 

K r 

UNUSED 

FUNCTION 




INPUT* 

NOR 

J=A+B+C+D+E+F+G+H 

0 

0 

0 

v ss 

OR 

J=A+B+C+D+E+F+G+H 

0 

0 

1 

v ss 

OR/AND 

XA+B+C+DWE+F+G+H) 

0 

1 

0 

v ss 

OR/NAND 

J=(A+B+C+D)-(E+F+G+H) 

0 

1 

1 

v ss 

AND 

J=ABCDEFGH 

1 

0 

0 

V DD 

NAND 

J=ABCDEFGH 

1 

0 

1 

Q 

Q 

> 

AND/NOR 

J=ABCD+EFGH 

1 

1 

0 

Vdd 

AND/OR 

J=ABCD+EFGH 

1 

1 

1 

Q 

Q 

> 

K c |=1 Normal Inverter Action 





K^O High Impedance Output 






EXPAND lnput=0 * See Figs. 1, 2,3,4, and 5. 


V 0D 



TEST CIRCUITS - STATIC MEASUREMENTS 





92CS-2744IRI 


Fig. 14 — Quiescent device current 
test circuit. 


Fig. 15 — Input voltage test 
circuit. 


NOTE: 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH V DD ANOV ss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
V DD OR V ss - 


Fig. 16— Input current test circuit. 
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CD4048B Types 


TEST CIRCUITS - DYNAMIC MEASUREMENTS 


VDD 



Fig. 17 — Test circuit for tp^i_. Fig. 18 — Waveforms for tpf~/i_ Fig. 19 — Waveforms for tj^f_ 

t THL' and t TLH and tp H/ _ (AND). and tj LH (AND), 

measurements. 



Fig. 20 - Test circuit for t pZ f_, t pzH , t pLZ , 
and t p[_j Z (AND). 


Fig. 21 — Waveforms for tp Z ^, tp Z /j, 
t p[_ z , and tpi_j Z (AND). 






CD4049UB, CD4050B Types 


COS/MOS 

Hex Buffer/Converters 

High-Voltage Types (20-Volt Rating) 

CD4049UB— Inverting Type 
CD4050B— Non-Inverting Type 


The RCA-CD4049UB and CD4050B are in- 
verting and non-inverting hex buffers, respec- 
tively, and feature logic-level conversion using 
only one supply voltage (Vqq). The input- 
signal high level (V|h) can exceed the Vcc 
supply voltage when these devices are used 
for logic-level conversions. These devices are 
intended for use as COS/MOS to DTL/TTL 
converters and can drive directly two DTL/ 
TTL loads. (Vcc =5 Vol< 0.4 V, and 
I ol ^ 3.2 mA.) 

The CD4049UBand CD4050B are designated 
as replacements for CD4009UB and CD4010B, 
respectively. Because the CD4049UB and 
CD4050B require only one power supply, 
they are preferred over the CD4009UB and 
CD4010B and should be used in place of the 
CD4009UBand CD4010B in ail inverter, cur- 
rent driver, or logic-level conversion appli- 
cations. In these applications the CD4049UB 
and CD4050B are pin compatible with the 
CD4009UB and CD4010B respectively, and 
can be substituted for these devices in existing 
as well as in new designs. Terminal No. 16 is 
not connected internallyon the CD4049UBor 
CD4050B, therefore, connection to this 
terminal is of no consequence to circuit 
operation. For applications not requiring 
high sink-current or voltage conversion, the 
CD4069UB Hex Inverter is recommended. 

The CD4049UB and CD4050B types are 
supplied in 16-lead hermetic dual-in-line 
ceramic packages (D and F suffixes), 16- 
lead dual-in-line plastic packages (E suffix), 
16-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 



Features: 

■ High sink current for driving 2 TTL loads 

■ High-to-low level logic conversion 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 ptA at 18 V over full package- 
temperature range; 100 n A at 18 V and 25°C 

■ 5-, 10-, and 15-volt parametric ratings 

Applications: 

■ COS/MOS to DTL/TTL hex converter 

■ COS/MOS current "sink" or "source" 
driver 

■ COS/MOS high-to-low logic-level 
converter 



NC = 13 
NC a 16 

CD4049UB 

FUNCTIONAL DIAGRAM 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V cc > 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to +20.5 V 

DC INPUT CURRENT. ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D,F) 500 mW 

For T a = +100 to +125°C (PACKAGE TYPES D, F) . . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE FLANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265°C 


RECOMMENDED OPERATING CONDITIONS at T A =25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

Min. 

Max. 

Supply-Voltage Range (Vqq) (For T A =Full Package- 
Temperature Range) 

3 

18 

V 

Input Voltage Range (V||sj) 

< 

n 

o 

18 

V 


*The CD4049 and CD4050 have high-to-low-level voltage conversion capability but not 
low-to-high-level; therefore it is recommended that Vj^ ^ Vqq. 


v C c v cc 



Fig. 1—a ) Schematic diagram of CD4049UB, 1 of 6 identical units; 
b) Schematic diagram of CD4050B, 1 of 6 identical units. 
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CD4049UB, CD4050B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 

CONDITIONS 

Limits At Indicated Temperatures (°C) 

Values at —55, +25, +125 Apply to D, F,H Pkgs. 
Values at —40 ,+25 ,+85 Apply to E Package 

UNITS 


V|N 

(V) 

v cc 

(V) 

-55 

-40 



+25 

BJ9I 

9EE9I 

EEES 

Quiescent 

Device 

Current, Iqq 
M ax. 

- 

EH 

5 

1 

1 

93S 

998 

- 

BifiM 


PA 

_ 

EiPi 

KE1 

2 

2 

HCT i 


- 

WSMM 

— 1 

- 

Ena 

wm 

4 

4 

1B1 


- 

■»IiV 

4 

- 



mm 

EH 


EM 

- 

EEH 

wmm 

Output Low 
(Sink) 

Current 

Iql Min. 

0.4 


EO 


HH 

2.1 

1.8 


5.2 

- 

mA 

0.4 

9 

El 

4 


Hi 

mw 


eeh 

~ 

0.5 


mm 

■El 

wm 


KiS 

8 

16 

- 

1.5 


li 


ESI 


wm 

HU 

48 

- 

Output High 
(Source) 

Current 

'oh Min - 

4.6 


5 


BB1 



BiISEl 

EDM 

- 

2.5 


5 

bbsi 

HI 

eq a 

area 

BED 

EH 

- 

9.5 


wm 


E93SI 

HE3 

BKH 

Hldd 

-3.0 

- 

13.5 


m 

wm 




SB 

-8.0 

- 

Output Voltage: 
Low-Level, 

Vql M ax - 

- 


5 _ 

0.05 

- 

0 

■IIIUD 

V 

- 

PICT 

mm 

0.05 


9EHE 


- 

Of] 

m 

0.05 

- 

0 


Output Voltage: 
High-Level, 

V oh Min. 

- 


wm 

4.95 


5 

- 

- 

ma 

mx 

9.95 


10 

- 

- 


15 

14.95 


15 

- 

Input Low 
Voltage: 

V | l Max. 
CD4049UB 

4.5 

_ 

5 

1 

_ 

_ 

1 

V 

9 

- 

10 

2 

- 

- 

2 

13.5 

- 

15 

2.5 

- 

- 

2.5 

Input Low 
Voltage: 

V | j_ Max. 
CD4050B 

0.5 

_ 

5 

1.5 

- 

- 

1.5 

1 

- 

10 

3 

- 

- 

3 

1.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage: 

V 1 1 _| Min. 
CD4049UB 

0.5 

_ 

5 

4 

4 

_ 

- 

1 

- 

10 

8 

8 

- 

- 


1.5 

- 

15 

12.5 

12.5 

- 

- 


Input High 
Voltage: 

V|h Min. 
CD4050B 

4.5 

_ 

5 

3.5 

3.5 

- 

- 


9 

- 

10 

7 

7 

- 

- 


13.5 

- 

15 

11 

11 

- 

- ' 


Input Current, 
l|N Max. 

- 

0,18 

18 

±0. 

±0.1 

±i 

±i 

- 

±10~ 5 

±0.1 

AA 



0 12 3 

INPUT VOLTAGE (Vj) — V 

92CS-20479AI 


Fig. 2— Minimum and maximum voltage 

transfer characteristics for CD4049UB. 



92CS- 20490 

Fig. 3— Minimum and maximum voltage 

transfer characteristics for CD4050B. 



DRAIN -TO - SOURCE VOLTAGE <V 0S )-V 

92CS- 27402RI 

Fig. 4 — Typical output tow (sink) current 
characteristics. 



Fig. 5 — Minimum output low (sink) current 
drain characteristics. 


DRAIN -TO -SOURCE VOLTAGE IV K I-V 
-8 -7 -6 -5 -4 -3 -2 -I 0 



Fig. 6 - Typical output high (source) current 
characteristics. 


DRAIN-TO- SOURCE VOLTAGE (Vqs)— V 
-a -7 -g -5 -4 -3-2 10 


AMBIENT TEMPERATURE (T A )« 

THTmmiimimiimii 


| 



Zi 




| 


< 

E 


.. 

jj 

a 

>• 

rt+t+rH 

W. 

. 

Jf 

:: 





3V 



ll 




;; 


-5 | 

1 
*10 H 

z 

-15 g 

-4 

-25 § 

-sol 

2 

i 


92CS- 274 03RI 


Fig. 7 — Minimum output high (source) current 
characteristics. 
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CD4049UB, CD4050B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A =25°C; Input t r ,t f =20 ns, 
C L =50 pF, R l =200 k£7 

LIMITS 

CHARACTERISTIC CONDITIONS ALL PKGS. UNITS 


CHARACTERISTIC _COT 

V lfN 

Propagation Delay Time: 5 

Low-to-High, tppn 10 

CD4049UB J0_ 
15 

15 

5 

10 

CD4050B 10 

15 


Transition Time: 
Low-to-High, t-p |_(_j 


High-to-Low, ty^L 


V CC | Typ. I Max. 


15 25 

5 45 


5 70 
10 40 

5 45 
15 30 


60 120 
32 65 

45 90 

25 50 

45 90 

70 140 


High-to-Low, tp^ |_ 

5 



10 


CD4049UB 

10 




15 



15 



5 



10 


CD4050B 

10 



15 



15 




SilSiL 



ed' 


iLj jj ::::::::::: 


fPlfiiii 

iSHisHSiinnssi®insiii 

-..iiiiv.m 

! 

ijjijj:: 

:::::::: 

:::::::: 

:::::::: 

:::::::: 

IHIIIH 

iiliilli 

:::::::: 

! ;s 

ii 


Fig. 8 — Typical voltage transfer charac- 
teristics as a function of temperature 
for CD4049UB. 




HSSjj 


■jssn 

H SVTtfl 


Fig. 9 - Typical voltage transfer charac 
teristicsasa function of temper 
ature for CD 4050 B. 


Input Capacitance, C||\j 

CD4049UB 

CD4050B 




mm ssii 
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CD4049UB, CD4050B Types 


COS/MOS 10 V LEVEL TO DTL/TTL 5 V LEVEL 



Me)- * 


NOTE: 

TEST ANY ONE INPUT, 
WITH OTHER INPUTS AT 
V CC 0R V SS 


Fig. 14 — Input voltage test circuit. 


MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V CC ANO V S s 
CONNECT ALL UNUSED 
INPUTS TO EITHER 


Fig. 15 - Input current test circuit. 


_TL.. 



IT— 

I 1 0 .v ni 


IN TERMINAL - 3, 5, 7, 9.11. 0RI4 
OUT TERMINAL- 2 .4.6. 10,12, OR 15 
Vcc TERMINAL— I 
V SS TERMINAL- 8 


Fig. 16 — Logic-level conversion application. 




f*“ IO.N»-a2M 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils ( 10~ ^ inch). 

Photograph of chip for CD4049UB. Dimensions 
and pad layout for CD4050B are identical. 


The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0.17 mm) larger in both dimensions. 


TERMINAL ASSIGNMENTS 




NC = NO CONNECTION ' 92CS-2448IRI 


CD4049UB 


CD4050B 
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CD4051B, CD4052B, CD4053B Types 


COS/MOS Analog 
Multiplexers/Demultiplexers 1 * * 4 


With Logic- Level Conversion 
High-Voltages Types (20-Volt Rating) 

CD4051B — Single 8-Channel 
CD4052B — Differential 4-Channel 
CD4053B — Triple 2-Channel 

RCA-CD4051B, CD4052B, and CD4053B 
analog multiplexers/demultiplexers are digi- 
tally controlled analog switches having low 
ON impedance and very low OFF leakage 
current. Control of analog signals up to 
20 V peak-to-peak can be achieved by digi- 
tal signal amplitudes of 4.5 to 20 V (if 
Vpo-VsS = 3 V, a VpD- v EE of up to 13 
V can be controlled; for VpQ'VEE l eve l 
differences above 13 V, a VqdVsS °f at 
least 4.5 V is required). For example, if 
V DD = +4 -5V, V ss = 0, and Vee = -13.5 V, 
analog signals from -13.5 V to +4.5 V can 
be controlled by digital inputs of 0 to 5 V. 
These multiplexer circuits dissipate extremely 
low quiescent power over the full VpD' v SS 
and Vqd-Vee supply-voltage ranges, inde- 
pendent of the logic state of the control 
signals. When a logic "1" is present at the 
inhibit input terminal all channels are off. 

The CD4051B is a single 8-channel multi- 
plexer having three binary control inputs. A, 
B, and C, and an inhibit input. The three 
binary signals select 1 of 8 channels to be 
turned on, and connect one of the 8 inputs 
to the output. 

The CD4052B is a differential 4-channel multi- 
plexer having two binary control inputs ; A 
and B, and an inhibit input. The two binary 
input signals select 1 of 4 pairs of channels 
to be turned on and connect the analog in- 
puts to the outputs. 

The CD4053B is a triple 2-channel multi- 
plexer having three separate digital control 
inputs. A, B, and C, and an inhibit input. 
Each control input selects one of a pair of 
channels which are connected in a single- 
pole double-throw configuration. 

The CD4051 B, CD4052B, and CD4053B are 
supplied in 16-lead ceramic dual-in-line 
packages (D and F suffixes), 16-lead plastic 
dual-in-line packages (E suffix), 16-lead 
ceramicflat packages (K suffix), and inchip 
form (H suffix). 


1 When these devices are used as demultiplexers, 

the "CHANNEL IN/OUT" terminals are the 

outputs and the "COMMON OUT/IN" terminals 

are the inputs. 


CHANNELS 1 4 — 

ie i6 

— V 0D 

IN/OUT ) 6 — 

2 15 

“ 2 i 

COM OUT/IN — 

3 14 


CHANNELS J 7 — 

4 13 

— O 

IN/OUT I 5 — 

3 12 

- 3) 

INH — 

6 II 

— A 

V EE — 

7 10 

— B 

v ss — 

8 9 

— C 

* CHANNELS 92CS 

24482 

IN/OUT 


CD4051B 


Terminal Assignment 


Y CHANNELS JO 
IN/OUT 1 2 
COMMON “Y" OUT/IN 
Y CHANNELS J3 
IN/OUT I I 



2 I X CHANNELS 
I ( IN/OUT 
COMMON "X" OUT/IN 
0| X CHANNELS 

3 { IN/OUT 


Applications: 

■ Analog and digital multiplexing and demultiplexing 

■ A/D and D/A conversion ■ Signal gating 

Features: 

■ Wide range of digital and analog signal 
levels: digital 3 to 20 V, analog to 
20V p . p 

■ Low ON resistance: 125 12 (typ.) over 15 
Vp.p signal-input range for Vdd* v EE -15 V 

■ High OFF resistance: channel leakage of 
±100 pA (typ.) @ V DD -V EE = 18 V 

■ Logic-level conversion for digital addressing 
signals of 3 to 20 V (Vqd-VsS = 3 to 20 
V) to switch analog signals to 20 V p-p 
(Vdd-Vee = 20 V); see introductory text 

■ Matched switch characteristics: Ron = 

5 ft (typ.) for VpD'VEE " 15 V 

■ Very low quiescent power dissipation under 
under all digital-control input and supply 
conditions: 0.2 juW (typ.) @ VqD’VsS = 

vdd-vee = iov 

■ Binary address decoding on chip 

■ 5-, 10-, and 15-V parametric ratings 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 /iA at 18 V 
over full package temperature range; 

100 nA at 18 V and 25°C 


RECOMMENDED OPERATING CONDITIONS AT T A =25°C (Unless Otherwise Specified) 

For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges. Values shown apply to all types except as noted. 


In certain applications, the external load-resistor 
current may include both Vdd and signal-line 
components. To avoid drawing Vqq current 
when switch current flows into the transmission 
gate inputs, the voltage drop across the bidirec- 
tional switch must not exceed 0.8 volt (calcu- 
lated from Ron values shown in ELECTRICAL 
CHARACTERISTICS CHART). No V DD cur- 
rent will flow through R |_ if the switch current 
flows into terminal 3 on the CD4051 ; terminals 
3 and 1 3 on the CD4052; terminals 4,1 4, and 1 5 
on the CD4053. 


CD4052B 

Terminal Assignment 


CHARACTERISTIC 

VDD 

Min. 

Max. 

Supply-Voltage Range 
(T/\ = Full Package- 
Temp. Range) 

- 

3 

18 

Multiplexer Switch Input 
Current Capability* 

_ 

_ 

25 

Output Load Resistance 

- 

100 

- 


OUT/IN CXorCY 
IN /OUT CX 



CD4053B 

Terminal Assignment 


198 







CD4051B, CD4052B, CD4053B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgg or V^, whichever is more negative) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D,F) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D, F) . . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65 to +1 50°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1 /32 inch (1 .59 ± 0.79 rhm) from case for 10 s max +265°C 


a supply voltage (v DD -v EE ) *5 vj-.::. 

i sop 1 1 1 1 1 m n { i {Til 1 t 1 1 n m i m nTTTTrn-T: - 

~ - - -i AMBIENT TEMPERATURE ; 

° liii - - | y‘( T A> , + |25 °c 


.HSiE! 


INPUT SIGNAL VOLTAGE (V„) — V 

92CS-2703 

Fig.4 — Typical channel ON resistance vs input 
signal voltage (all types). 



Fig. 1 - Functional diagram of CD4051B. 

X CHANNELS IN/OUT 


SUPPLY VOLTAGE (V DD -V EE 1 

Ttttttiltlllt IHIIIttS 


m|| |j - f \ — AMBIENT TEMPERATURE 

m 

■I 


-10 -7.5 -5 -2.5 0 2.5 5 7.5 10 

INPUT SIGNAL VOLTAGE (V j# ) V 


Fig. 5 — Typical channel ON resistance vs. input 
signal voltage (all types). 



Y CHANNELS IN/OUT 

Fig. 2 - Functional diagram of CD4052B. 


G AMBIENT TEMPERATURE (T A ) = 25°C 


-10 -75 -5 -2.5 0 2.5 5 7.5 10 

INPUT SIGNAL VOLTAGE (V is ) — V 

Fig. 6 — Typical channel ON resistance vs. input 
signal voltage (all types). 


LOGIC 

LEVEL 

CONVERSION 


*ALL INPUTS PROTECTED 
BY STANDARD COS/MOS 
PROTECTION NETWORK 



1 SUPPLY VOLTAGE (V DD -V EE ) -15 V 


wmmm w 


Fig. 3 — Functional diagram of CD4053B. 


2 r 55 ’ c ;:; 

| so — --p- -fit 

o B±EB I mEffitEttiiilHil H II H 1 1 : 

-10 -75 -5 -2.5 0 2.5 7.5 10 

INPUT SIGNAL VOLTAGE (V i$ ) — V 

92CS- 2704 

Fig. 7 — Typical channel ON resistance vs. input 
signal voltage (all types). 
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CD4051B, CD4052B, CD4053B Types 


ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 


CONDITIONS 

v i. 

(V) 

Vee 

(VI 

v ss 

(V) 

V DD 

(V) 


LIMITS at Indicated Temperature (°C) 
Values at — 55,+25,+1 25, apply to D,F,H pkg 


> SUPPLY VOLTAGE: V 0 n*5V LOAD RESISTANCE 

vgg.ov v EE .-sv ;*L> : 'o o M Kn 

( AM8IENT TEMPERATURE (T a )« 2S»C j| ^ 


-55 -40 +85 +125 


SIGNAL INPUTS (V is ) AND OUTPUTS (Vqs) 


Quiescent Device 

Current, I DD |”™ 

Max. 


On-State 

Resistance 

0<V is <V DD 

Ton Max. 


Change in On- 
State Resistance 
(Between Any 
Two Channels) 



[ilij 
























CD4051B, CD4052B, CD4053B Types 


ELECTRICAL CHARACTERISTICS (Cont'd) 




LIMITS at Indicated Temperature (°C) 
Values at -55,+25,+1 25, apply to D,F,H pkg 
Values at -40,+2S,+85, apply to E pkgs 

Units 

wm 


Vss 

(V) 

^DD 

(V) 

-55 

-40 

+85 

+125 

+25 

CO B9SI ES3H 

CONTROL (ADDRESS or INHIBIT) Vc 

mm 

=VDD 

thru 

1 k ft 

vee=v S s 

RL=1 k ft 
to V$s 
l|S< 2 /jA 
on all OFF 
Channels 


1.5 

i 

■ 



ina 

3 

- 

- 

3 

Input High 
Voltage, V|^ 

Min. 

tm 

4 

- 

- 

4 

m 

3.5 


- 

- 

QB 

7 

7 

- 

- 

m 

11 

m 

- 

- 

Input Current, 
lj N Max. 

V| N = 0,18 





±1 

■ 

±10“ 5 

±0.1 


Propagation 

Delay Time: 

Address-to- 
Signal OUT 
(Channels ON 
or OFF) See 
Figs.14,15,18 

t r ,tf = 20 ns. Cl = 50 pF 



1 

l 

i 

360 

720 



0 

0 

m 

0 

0 

10 

- 

- 

- 

- 

- 

KM— 


0 

0 

15 

- 

- 

- 

- 

- 

BUM 

EB 

-5 

0 

5 

- 

- 

- 

- 

- 

225 

sm 

Inhibit-to- 
Signal OUT 
(Channel turn- 
ing ON) 

RL=10 kft,C L =50 pF 
t r , tf = 20 ns 






360 

720 

ns 


0 

0 

5 

0 

0 

10 

- 

- 

- 

- 

__ 

160 

320 

0 

0 

15 

- 

- 

- 

- 

- 

120 

240 

-10 

0 

5 

- 

- 

- 

- 

- 

200 

400 

Inhibit-to- 
Signal OUT 
(Channel turn- 
ing OFF) 

Rl=300£2,Cl= 50 pF 
t r ,tf = 20 ns 






200 

450 

ns 


0 

0 

5 

0 

0 

10 

- 

- 

- 

- 

- 

90 

210 

0 

0 

15 

- 

- 

- 

- 

- 

70 

160 

-10 

0 

5 

- 

- 

- 

- 

- 

130 

300 

Input 

Capacitance, C|pJ 
(Any Address 
or Inhibit Input) 


- 

- 

- 

- 

- 

5 

7.5 

pF 


INPUT STATES 

"ON" CHANNEL(S) 

D39ES3QEIE9 

CD4051B | 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

1 

0 

2 

0 

□ 

D 

D 

3 

0 


0 


4 

0 

n 

□ 

a 

5 

0 

n 

D 

□ 

6 

0 

D 

D 

n 

7 

1 

□ 

□ 

□ 

NONE 

| CD4052B | 

INHIBIT 

B 

A 


0 

0 

0 


0 

0 

1 


0 

1 

0 


0 

1 

1 


1 

■91 

D 


1 CD4053B 1 

INHIBIT 

A or B 
or C 


0 

0 


0 

1 

ay or by or cy 

1 

X 

NONE 


X = Don't care 

Fig. 13 - Truth tables. 



Fig. 14 — Waveforms, channel being 
turned ON (R L = 10 kn). 



Fig. 15 — Waveforms, channel being 
turned OFF (R{_ = 300 n). 


TEST CIRCUITS 



Fig. 16 - 




any channel OFF. 
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TEST CIRCUITS (Cont'd) 



Fig. 17 — OFF channel leakage current - all 
channels OFF. 



Fig. 18 — Propagation delay — address input to signal output. 



Vss V SS v ss 

tpHL A NDtp L H tpHL AND tp L n l PHL AND l PLH 

CD4051 CD4052 CD4053 


9ZCS-Z7045 

Fig. 19 — Propagation delay — inhibit input to signal output. 
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1 16 - 


2 15 - 

3 14 

4 13 

V IH 0 

5 12 

V|Lc^I 

6 II 

7 10 ■ 

8 9 

_L CD4052B 


CD4051B, CD4052B, CD4053B Types 

TEST CIRCUITS (Cont'd) 


MEASURE <2 >xA ON ALL 
"OFF" CHANNELS (e g. CHANNEL 6) 


MEASURE <2 /xA ON ALL 
"OFF" CHANNELS (e.g CHANNEL 2**) 



MEASURE <2 fiA ON ALL 
"OFF” CHANNELS teg CHANNEL by) 


A CD4051 
_T_ CD4053 



Fig. 20 — Input voltage test circuits (noise immunity). 


Fig. 21 - Quiescent device current. 


KEITHLEY 
160 DIGITAL 
MULTIMETER 


TG 

“ "ON" 

1 Kfl “ 

Y 



f® 


X-Y 

PLOTTER 


H.P. 

X 



MOSELEY 

1 



7030A 

_L 



Fig. 22 — Channel ON resistance 
measurement circuit. 



1 16 - 

2 15 

3 14 

4 13 

5 12 

r 11 

7 10 - 

8 9 - 

Vss 

CD4051 

CD4053 


NOTE: 

MEASURE INPUTS 
SEQUENTIALLY. TO BOTH 
V DD AND V SS CONNECT 
ALL UNUSED INPUTS TO 
EITHER V od OR V ss . 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY. TO BOTH 
V DD AND V ss CONNECT 
ALL UNUSED INPUTS TO 
EITHER V DD OR V ss . 


Fig. 23 — Input current. 


T VvmJ 

COMMON 


l RL 




> IK 



1 


, CHANNEL 

If 



CHANNEL 

/rp\ 

~1 

! ON 

1 



OFF 

— r — [vu) 

r l< 

> 





> r l 

J 

> 

L 


92CS- 27049 



1 



92CS- 


Fig.24 — Feedthrough (all types). 


Fig. 25 — Crosstalk between any two channels (all types). 


Fig.26 — Crosstalk between duals or triplets 
(CD4052B, CD4053B). 


DIF F 

AMPLIFIER/ 
LINE DRIVER 


DEMULTIPLEXING 
92CS- 27052 


Fig.27 - Typical time-division application of the CD4052B. 
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CD4051B, CD4052B, CD4053B Types 


SPECIAL CONSIDERATIONS 
In applications where separate power sources 
are used to drive Vqq and the signal inputs, 
the Vqd current capability should exceed 
Vdd/R|_ (Rl= effective external load). This 
provision avoids permanent current flow or 
clamp action on the Vdd supply when power 
is applied or removed from the CD4051B, 
CD4052B, or CD4053B. 

When switching from one address to another, 
some of the ON periods of the channels of 
the multiplexers will overlap momentarily, 
which may be objectionable in certain ap- 
plications. Also when a channel is turned 
ON or OFF by an address input, there is a 
momentary conductive path from the chan- 
nel to V^e, which will dump some charge 
from any capacitor connected to the input 
or output of the channel. The inhibit input 
turning ON a channel will similarly dump 
some charge to V££. 

The amount of charge dumped is mostly 
a function of the signal level above V££. 
Typically, at Vdd v EE = 10 V, a 100 pF 
capacitor connected to the input or output 
of the channel will lose 3-4 % of its voltage at 
the moment the channel turns ON or OFF. 
This loss of voltage is essentially independent 
of the address or inhibit signal transition 
time, if the transition time is less than 1-2 
M s - When the inhibit signal turns a channel 
OFF, there is no charge dumping to V££. 
Rather, there is a slight rise in the channel 
voltage level (65 mV typ.) due to capacitive 
coupling from inhibit input to channel input 
or output. Address inputs also couple some 
voltage steps onto the channel signal levels. 



(2 287-2 4 891 ^ 

Dimensions and pad layout for CD405 1BH. *zci»-z7o»3 


The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0. 1 7 mm) larger in both dimensions. 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid Graduations are in Mils (10~3 inch). 




Dimensions and pad layout for CD4052BH. 


Dimensions and pad layout for CD4053BH. 
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CD4054B, CD4055B, CD4056B Types 


COS/MOS Liquid-Crystal 
Display Drivers 

High-Voltage Types (20-Volt Rating) 

CD4054B — 4-Segment Display Driver 
CD4055B - BCD to 7-Segment Decoder/Driver with 
"Display-Frequency" Output 
CD4056B — BCD to 7-Segment Decoder/Driver with 
Strobed-Latch Function 

The RCA CD4055B and CD4056B types are 
single-digit BCD-to-7-segment decoder/driver 
circuits that provide level-shifting functions 
on the chip. This feature permits the BCD 
input-signal swings (Vdd t0 Vss) to he the 
same as or different from the 7-segment 
output-signal swings (Vdd to Vee)- For 
example, the BCD input-signal swings (Vdd 
to V55) may be as small as 0 to —3 V, where- 
as the output-display drive-signal swing (Vdd 
to Vee) may be as large as from 0 to —15V. 

if Vdd t0 v ee excee ds 15 v, Vdd toV ss 

should be at least 4V (0 to — 4V). 

The 7-segment outputs are controlled by 
the DISPLAY-FREQUENCY (DF) input 
which causes the selected segment outputs 
to be low, high, or a square-wave output 
(for liquid-crystal displays). When the DF 
input is low the output segments will be 
high when selected by the BCD inputs. 

When the DF input is high, the output 
segments will be low when selected by the 
BCD inputs. When a square-wave is present 
at the DF input, the selected segments will 
have a square-wave output that is 180° out 
of phase with the DF input. Those segments 
which are not selected will have a square- 
wave output that is in phase with the input. 

DF square-wave repetition rates for liquid- 
crystal displays usually range from 30 Hz 
(well above flicker rate) to 200 Hz (well 
below the upper limit of the liquid-crystal 
frequency response). The CD4055B pro- 
vides a level-shifted high-amplitude DF out- j n , 
put which is required for driving thecommon to 
electrode in liquid-crystal displays. The ap 

CD4056B provides a strobed-latch function q[ 

at the BCD inputs. Decoding of all input » u 
combinations on the CD4055B and CD4056B ex 
provides displays of 0 to 9 as well as L, P, f rt 
H, A, — , and a blank position. . 


The CD4054B provides level shifting similar 
to the CD4055B and CD4056B independently 
strobed latches, and common DF control on 
4 signal lines. The CD4054B is intended to 
provide drive-signal compatibility with the 
CD4055B and CD4056B 7-segment decoder 
types for the decimal point, colon, polarity, 
and similar display lines. A level-shifted 
high-amplitude DF output can be obtained 
from any CD4054B output line by connect- 


Features: 

■ Operation of liquid crystals with COS/MOS 
circuits provides ultra-low-power displays 

■ Equivalent ac output drive for liquid- 

crystal displays — no external capacitor required 

■ Voltage doubling across display, e.g. 

Vdd — V EE = 18 V results in effective 
36 V p-p drive across selected display 
segments 

■ Low- or high-output level dc drive for 
other types of displays 

■ On-chip logic-level conversion for different 
input- and output-level swings 

■ Full decoding of all input combinations: 

0-9, L, H, P, A,-, and blank positions 

■ Strobed-latch function-CD4054B Series 
and CD4056B Series 

■ DISPLAY-FREQUENCY (DF) output 

for liquid-crystal common-line drive signal— 
CD4055B Series (CD4054B Series also: 
see introductory text) 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 juA at 18 V 
overfull package temperature range; 

100 nA at 18 V and 25°C 

■ Noise margin (over full package temper- 
ature range): 

1 Vat v D d = 5 V 

2 Vat V D D= 10 V 

2.5 Vat Vdd = 15 V 01 

■ 5-V, 10-V, and 15-V parametric ratings 


Applications 

■ General-purpose displays 

■ Calculators and meters 

■ Wall and table clocks 

■ Industrial control panels 

■ Portable lab instruments 

■ Panel meters 

■ Auto dashboard displays 

■ Appliance control panels 


ing the corresponding input and strobe lines 
to a low and high level, respectively and 
applying a square wave to DF|(\j. The 
CD4054B may also be utilized for logic-level 
"up conversion" or "down conversion". For 
example, input-signal swings (Vdd t0 Vs$) 
from +5 to 0 V can be converted to output- 
signal swings (Vdd t0 V EE) of +5 t0 _5 v - 
The level-shifted function on all three types 
permits the use of different input- and out- 
put-signal swings. The input swings from a 
low level of VgS to a high level of Vdd while 
the output swings from a low level of Vee to 
the same high level of Vdd. Thus, the input 
and output swings can be selected indepen- 
dently of each other over a 3-to-18 V range. 
Vss may be connected to Vee when no 
level-shift function is required. 

For the CD4054B and CD4056B, data are 


STROBE 

U» W uT 

V DD 

BCD 7 2 — 

3 14 

r 9 i 

inputs) 2 3 — 

4 13 

- *( 

( 2° - 

5 12 

— d V 

CIS. FREQ. IN 

6 1 1 


V EE 

7 10 

- b \ 

V S S — 

B 9 

Q ! 

* 

7-SEGMENT 



OUTPUTS 

92C 

S “ 24487 

CD4056B 


Terminal Assignment 


STROBE 4 
DISPLAY FREQ. IN 
OUT 4 



CD4054B Terminal Assignment 


BCD 7 Z\ 
INPUTS 12^ 

(2° 

DISPLAY FREQ. IN 



CD4055B Terminal Assignment 


transferred from input to output by placing 
a high voltage level at the strobe input. A 
low voltage level at the strobe input latches 
the data input and the corresponding output 
segments remain selected (or non-selected) 
while the strobe is low. 

Whenever the level-shifting function is re- 
quired, the CD4055B can be used by itself 
to drive a liquid-crystal display (Figj16 and 
Fig.20). The CD4056B, however, must be 
used together with a CD4054B to provide 
the common DF output (Fig.,1 9). The capa- 
bility of extending the voltage swing on the 
negative end (this voltage cannot be extended 
on the positive end) can be used to advantage 
in the setup of Fig. 18. Fig.il 7 is common 
to all three types. 

The CD4054B-, CD4055B-, and CD4056B- 
series types are available in 16-lead ceramic 
dual-in-line packages (D and F suffixes), 16- 
lead plastic packages (E suffix), 16-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 
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CD4054B, CD4055B, CD4056B Types 


s ( e) v ee(?) v 00 ^ 


STROBE 4Q>| 1 

IN 3 ^ HlaTcTV 

STROBE 3(Q)-| 1 

IN 2 (Ti>HLATCH> 




BCD 1 


DD FREQ. IN 'A 


t>F0UT I 
CD4054 | 



Fig. 1 — CD4054B functional diagram. 


ALL INPUTS PROTECTED BY 92CS- 20092PI 
COS/ MOS PROTECTION NETWORK zo092m 

Fig.2 — CD4055B functional diagram. 


(^ ss ^) Vee (^ dd 



I I 

ALL INPUTS PROTECTED BY 92CS-2009IR? 

COS/MOS PROTECTION NETWORK * ZC5 ZOD9IRZ 

Fig. 3 — CD4056B functional diagram. 

TRUTH TABLE FOR CD4055B and CD4056B 


INPUT CODE 

OUTPUT STATE 

DISPLAY 

CHARAC- 

2 3 2 2 2 1 2° 

a b c d e f g 

TER 

o 

o 

o 

o 

1111110 

1 ! 

0 0 0 1 

0 1 1 0 0 0 0 

i 

1 ; 

0 0 10 

o 

o 

1 

0 0 11 

11110 0 1 

l 

1 

o 

o 

o 

0 110 0 11 

1 1 

1 

o 

o 

o 

1 

0 110 


1 

1 1 

0 111 

DBBDDDD 

1 

nuniaii 

DUDDDOD 

CD 

i i 

non— 

DDDDDDD 


nonon 

DDDDDDD 

!_ 

10 11 


1 1 

1 1 

110 0 

DDDDDDD 

'SIS 

UQQBII 

DDDDDDD 

B 

1110 

DDDDDDD 

- 

1111 

1 0 I o| 0 1 o 1 0 1 o 1 0 1 

BLANK 


AMBIENT TEMPERATURE 

CT A )* 

Ifffffj; 

j ini mini 

* 

llilllffy; 

11111 HiTi 

m 

fill 


LOAD CAPACITANCE TCJ-pF 


Fig. 4 — Typical propagation delay time vs. 
load capacitance for CD4054B. 


| AMBIENT TEMPERATURE (T A )-25*Cp 




ggvEE 


0 25 50 75 100 

LOAD CAPACITANCE (C|_)-pF 

92CS-28488 

Fig. 5 — Typical propagation delay time vs. load 
capacitance for CD4055 and CD4056B. 



LOAD CAPACITANCE (C L ) - pF 

92CS-28490R 

Fig.6— Typical transition time 1/4 
load capacitance. 



2 4 6 1 2 4 6 2 4 6 2 4 6 

10 I0 Z I0 3 10* 

INPUT CLOCK FREQUENCY (»cl) — 


Fig.7 — Typical input dock frequency i/s. 
power dissipation. 





CD4054B, CD4055B, CD4056B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgs Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS - 

DC INPUT CURRENT, ANY ONE INPUT 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 

For T A = -55 to +100°C (PACKAGE TYPES D,F) 

For T A = +100 to +125°C (PACKAGE TYPES D, F ) . . . Derate Linearly at 1 2 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T a = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) . . . 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, H 

PACKAGE TYPE E 

STORAGE TEMPERATURE RANGE (T stg ) 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max 


I AMBIENT TEMPERATURE (Ta)'29*C[4 


-0.5 to +20 V 
0.5 to Vqd +0-5 V 
. . ±10 mA 

. . 500 mW 

mW/°C to 200 mW 
. . 500 mW 

mW/°C to 200 mW 


-55 to +1 25°C 
-40 to +85°C 
-65 to +1 50°C 


4GATE-T0-S0URCE VOLTAGE {VgsMS Vr+ 


DRAIN-T0-S0URCE VOLTAGE (V 0 S>-V 9JC , J4 . 

Fig. 8 — Typical n-channel output low (sink) 
current characteristics. 


STATIC ELECTRICAL CHARACTERISTICS 


CONDITIONS 


Quiescent Device 
Current, IqD 
MAX. 


Output Voltage: 

0 

Low Level, Vol 0 

MAX, 0 

0 

High Level, Vqh 0 

MIN. 0 


V EE 

v ss 

v Q 

V|fyJ 


Values at —4(P,+25P+85°G / 

\pply to E Package 

(V) 

(V) 

(V) 

(V) 

(V) 

-55° -40° 

+85° 

+125° 

Min. 

+25°C 

Typ. 

Max. 

-5 

0 



5 

5 

150 

150 

- 

0.04 

5 

0 

0 



10 

10 

300 

300 

- 

0.04 

10 

0 

0 



15 

20 

600 

600 

- 

0.04 

20 

0 

0 



20 

100 

3000 

3000 

- 

0.08 

100 

0 

0 



5 

0.05 


0 

0.05 

0 

0 


0,10 

10 

0.05 

- 

0 

0.05 

0 

0 


0,15 

15 

0.05 

- 

0 

0.05 


Input Low n 

Voltage, — — 

V| L MAX. — - 


Input High 
Voltage, 


Output Low 
(Sink) 

Current, Iql 

Output High 
(Source) 
Current, lOH 

Input Current, 


0.5, 

0 0 4.5 


0 0 1 . 5 , 13.5 


-5 

0 

0.5, 4.5 


5 

3.5 

3.5 

- 

- 

0 

0 

1.9 


10 

7 

7 

- 

- 

0 

0 

. 5 , 13.5 


15 

11 

11 

- 

- 

5 

0 

4.5 


5 

0.98 

0.92 0.67 0.55 

0.8 

1.6 

_ 

0 

0 

0.5 


10 

0.98 

0.92 0.67 0.55 

0.8 

1.6 

- 

0 

0 

1.5 


15 

3.6 

3.4 2.4 2 

2.9 

5.8 


"~~5~ 

0 

4.5 


5 

-0.6 

- 0.55 -0.35 -0.3 

-0.45 

-0.9 

- 

0 

0 

9-5 


10 

-0.6 

-0.55 -0.35 -0.3 

-0.45 

-0.9 

- 

0 

0 

13.5 


15 

-1.9 

-1.8 -1.2 -1.1 

-1.5 

-3 

- 

0 

0 

- 

0,18 

18 

±0.1 

±0.1 ±1 ±1 

- 

± 10 -5 

±0.1 





DR AIN- TO- SOURCE VOLTAGE (VdS>—V 

Fig. 9 — Minimum n-channel output low (sink) 
current characteristics. 

DRAIN- TO -SOURCE VOLTAGE <V DS >— V 


AMBIENT TEMPERATURE (T A )*25 
4 1 1 I 1 1 1 | GATE-TO-SOURCE VOLTAGE (V G S>-5 


Fig. 10- Typical p-channe! output high ( source ) 
current characteristics. 
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NOTE: 

TEST ANY COMBINATION 
OF INPUTS 


Fig. 11 — Quiescent-device-current test circuit. 


Fig. 12 — Input-voltage test circuit. 


Fig. 13 — Minimum p-channe! output high 
(source) current characteristics. 






CD4054B, CD4055B, CD4056B Types 

DYNAMIC ELECTRICAL CHARACTER ISTICS at T A = 25°C, Cl = 50 pF, Input t^tf = 20 ns, 

RL = 200 kfl 



CONDITIONS 

CHARACTERISTIC Vee 
(V) 


Propagation Delay Time, 

tPHL^PLH . 

(Any Input to Any Output) 

T ransition Time, t jh l tTLH 
(Any Output) 

Minimum Data Setup 
Time, t0* 

Minimum Strobe Pulse 
Width, tyy* 

Input Capacitance, C||\| 

(Any Input) 

* CD4054 and CD4056 only. 


LIMITS 

ALL PACKAGE TYPES 


CD4055,CD4056 | 

QJQjjQgQI 

Typ. 

Max. 


650 

1300 

!EZ3 

680 

575 

1150 


500 

375 

750 

BE3EU 

100 

200 


100 

200 

£|||| 

75 

150 

MSEMESSM 

110 

220 

50 

100 

50 

100 

35 

70 

35 

70 

110 

220 

110 

220 

50 

100 

50 

100 

35 

70 

35 

70 

5 

7.5 

5 

7.5 


MD* 

Vss 



MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V DD ANOV SS 
CONNECT ALL UNUSED 
INPUTS TO EITHER 


Fig. 14 - Input-current test circuit. 


Fig. 15 — Data setup time and strobe 
pulse duration. 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C (Unless otherwise specified) 

For maximum reliability, nominal opera ting conditions should be selected so that operation 
is always within the following ranges. 


CHARACTERISTIC 


Supply Voltage Range: 
(At T A = Full Package 
Temperature Range) 

Setup Time (t s ) # 


Strobe Pulse Width (%) 0 

1 0 

• For CD4054 and CD4056 only 


vee 

Vss 

Vdd 

LIMITS 

(V) 

(V) 

(V) 

Min. 

Max. 




3 

18 

-5 

0 

5 

220 

- 

0 

0 

10 

100 

- 

0 

0 

15 

70 

- 

-5 

0 

5 

220 

. - 

0 

0 

10 

100 

- 

0 

0 

15 

70 

- 



cicunw 92CS- 20095R2 

Fig. 16 — Clock display: Vqq = 0 V, V$s —5 V, * —15 V, DF/fij = 30 Hz square wave. 


DISPLAY 
DRIVER _ 

segmentO 

IN PUT 
(a TOg) 
{HIGH- SELECT) 


I |-» r Ulbl 


,r OUT 

92CS- 20093RI 


v nJTJTJTJiJxrij-LJxrLrLr^ 


JinjiniuiTLimar 

+(v D 0 -v EE ) n n n* n n n n n 


OF, N * DISPLAY-FREQUENCY INPUT 92CS-20094RI 

DF OUT- LEVEl -- SHIFTED DISPLAY- FREQUENCY OUTPUT 


Fig- 17 — Display-driver circuit for one segment line 
and waveforms. 
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CD4054B, CD4055B, CD4056B Types 



Fig. 18 — Digital (0 to + 5 V ) to bidirectional analog 
control (+5 to -5 V) level shifter. 


BCD IN FROM 
DTL, TTL.OR 
COS/MOS LOGIC 



Fig. 20 - Single-digit liquid-crystal display. 

The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0.17 mm) larger in bo th dimensions. 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10~3 inch). 


JU JM 


1 I 'Ino.i j Ml N 2 °- 

J L°i> 



Fig. 19 — Typical 3Vi-digit liquid-crystal display: 

Vqd = + 5 v > v ss b ov, v E e=-io V, 

DF//\j - 30 Hz square wave. 



Fig.21 — Conversion of "H" display to "F" display. 


In addition to the letters L, H, P, and 
A (See the truth table), five other letters 
can be displayed through the use of simple 
logic circuits preceding and following the 
CD4055B or CD4056B devices. Fig.21 is an 
example of a circuit that converts an "H" 
display (code 1011) to an "F" display. 
One condition that must be met is that 
VeE=V S S. If V E E^V S S,theCD4054B must 
be used to level shift in the appropriate places. 


In a similar manner the letters C, E, J, and 
U can be displayed. These circuits can also 
be used to drive LED displays provided the 
exclusive-OR gates have sufficient output- 
current drive. 

The letters B, D, G, I, 0, and S may be rep- 
resented by the codes for numbers 8, 0, 6, 
1, 0, and 5, respectively, when there is pre- 
knowledge that only letters are to be dis- 
played. 
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Dimensions and pad layout for CD4054BH. 


Dimensions and pad layout for CD4055BH 


Dimensions and pad layout for CD4056BH 
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CD4060B Types 


COS/MOS 14-Stage Ripple- 
Carry Binary Counter/Divider 
and Oscillator 

High-Voltage Types (20-Volt Rating) 


The RCA-CD4060B consists of an oscillator 
! section and 14 ripple-carry binary counter 

stages. The oscillator configuration allows 
design of either RC or crystal oscillator 
circuits. A RESET input is provided which 
resets the counter to the all-O's state and 
disables the oscillator. A high level on the 
RESET line accomplishes the reset function. 
All counter stages are master-slave flip-flops. 
The state of the counter is advanced one 
step in binary order on the negative transi- 
I tion of 01 (a n d 0o)* All inputs and outputs 
are fully buffered. Schmitt trigger action 
on the input-pulse line permits unlimited 
\ input-pulse rise and fall times. 

The CD4060B-series types are supplied in 
16-lead hermetic dual-in-line ceramic pack- 
ages (D and F suffixes), 16-lead dual-in-line 
plastic packages (E suffix), 16-lead ceramic 
flat packages (K suffix), and in chip form (H 
suffix). 


Features: 

■ 12 MHz clock rate at 15 V 

■ Common reset 

■ Fully static operation 

■ Buffered inputs and outputs 

■ Schmitt trigger input-pulse line 

■ 100% tested for quiescent current at 20 V 

■ Standardized, symmetrical output 
characteristics 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13B, "Standard Specifica- 
tions for description of "B" Series CMOS 
Devices" 

Oscillator Features: 

■ All active components on chip 

■ RC or crystal oscillator configuration 

■ RC oscillator frequency of 690 kHz 
min. at 15 V 



FUNCTIONAL DIAGRAM 


Applications 

■ Control counters 

■ Timers 

■ Frequency dividers 

■ Time-delay circuits 


I 


i 


i 



? * 



92CS-29072 

Fig. 2 — Detail of typical flip-flop stage. 


I MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, <V DD ) 

| (Voltages referenced to V$s Terminal ) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T a = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 1 2 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D. F) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D. F) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE { T A ) : 

PACKAGE TYPES D, F, H -55 to +1 25°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1 /32 inch ( 1 .59 * 0.79 mm) from case for 1 0 s max +265°C 
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DRAIN-T0-S0URCE VOLTAGE (V DS )-V ^ 

Fig. 3 — Typical n-channel output low (sink) 
current characteristics. 
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CD4060B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 

Values at -55, +25, +1 25 Apply to D,F,H Packages 
Values at -40, +25, +85 Apply to E Package 

IT 

N 

1 

T 

S 

V 0 

(V) 

V| N 

(V) 

V DD 

(V) 

-55 

-40 

+85 

+125 

+25 | 

Min. 

Typ. 

Max. 

Quiescent 

Device 

Current, 

• dd Max - 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

MA 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 
(Sink) Current* 
Iq!_ Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

Output High 
(Source) 
Current*, 
l 0H Min. 

4.6 

0.5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

- 1.8 

— 13 

-1.15 

- 1.6 

-3.2 

- 

9.5 

0,10 

10 

- 1.6 

-1.5 

- 1.1 

-0.9 

-1.3 

- 2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

- 2.8 

-2.4 

-3.4 

- 6.8 

- 

Output Voltage: 
Low-Level, 
Vql Max. 

- 

0,5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output 

Voltage: 
High-Level, 
V 0H Min. 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage 

V|l Max. 

0.5,4. 5 

- 

5 

1.5 

- 

- 

1.5 

V 

1,9 

- 

10 

3 

- 

- 

3 

1.5,13.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V | j_| Min. 

0.5,4. 5 

- 

5 

3.5 

3.5 

- 

- 

1,9 

- 

10 

7 

7 

- 

- 


1.5,13.5 

- 

15 

11 

11 

- 

- 

Input Current 
l| N Max. 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±io~ 5 

±0.1 

pA 


* Data not applicable to terminal 9 or 1 0. 

RECOMMENDED OPERATING CONDITIONS 


For maximum reliability , nominal operating conditions should be selected so that operation is 
always within the following ranges 


CHARACTERISTIC 

Q 

□ 

> 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (For = Full Package 


3 

18 

V 

Temperature Range) 




5 

100 

- 


Input-Pulse Width, t w (f = 100 kHz) 

10 

40 

- 

ns 

15 

30 

- 


Input-Pulse Rise Time and Fall Time, t r 0 , tf^ 

5 

10 

Unlimited 


15 





5 

_ 

3.5 


Input-Pulse Frequency, (External pulse source) 

10 

- 

8 

MHz 

15 

- 

12 



5 

120 

— 


Reset Pulse Width, tyy 

10 

60 

- 

ns 

15 

40 

- 




Fig. 4 - Minimum n-channel output low (sink) 
current characteristics. 


DR AIN- TO -SOURCE VOLTAGE (V DS )— V 



Fig. 5 - Typical p-channel output high ( source ) 
current characteristics. 
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Fig. 6 — Minimum p-channel output high (source) 
current characteristics. 
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CD4060B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r , tf = 20 ns, 

C|_ = 50 pF, Rl = 200 k£2 



TEST 

LIMITS 


CHARACTERISTIC 

CONDITIONS 


UNITS 


Vdd 

MIN. TYP. MAX. 



(V) 






Transition Time 
tTHL, tjLH 



Min. Input-Pulse 
Width, tww 


Input-Pulse Rise & Fa 
Time, t r 0, tf^ 


Max. Input-Pulse 
Frequency, f0j 
(External pulse . 

source) 

Input Capacitance, C-| 
Reset Operation 

Propagation Delay 
Time, tpHL 

Minimum Reset 
Pulse Width, tyy 


370 

740 1 

150 

E9 

100 

1 200 



50 

100 

40 

80 



50 

Hm»M 

40 1 

80 

50 

100 

20 

40 1 

15 

KEB 



5 

- 

180 

10 

- 

80 

15 

- 

50 

5 

- 

60 

10 

- 

30 

15 

- 

20 




LOAD CAPACITANCE (C L ) — pF 


Fig. 9 — Typical transition time as a function 
of toad capacitance. 
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-AMBIENT TEMPERATURE (T A ) = 25‘ 
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s 

A 2 

1 4 

Q l0 8 

1 6 

z 4 

o 

P 2 

2 ,0 3 


_* ISpF 
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CL ir \2 
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V 


DYNAMIC 

5 Ki A m(T f 

1 

1 1 1.1. 

1 L. 1— L 

1 L-LL 


INPUT FREQUENCY — kHz 92CS-3I25I 

Fig. 10 — Typical dynamic power dissipation as a 
function of input frequency. 




92CS-3I 254 -±- 

Fig. 11 — Dynamic power dissipation test circuit. 


NOTE : 

R S IS 2R X TO I0R X 


Fig. 12 — Typical RC circuit. 
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NOTE : 

C XTAL =C I + C 2 +C STRAY 
R C * BROADER FREQUENCY 
RESPONSE 

Rg 'CURRENT LIMITING 


Fig. 13— Typical crystal circuit. 







































CD4060B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r , tf = 20 ns, 
C|_ - 50 pF, Rl = 200 k£2 [cont'dl 


CHARACTERISTIC 

1 

LIMITS ! 

UNITS 

TEST 

CONDITIONS 

VDD 

(V) 

Min. 

Typ. 

Max. 

RC Operation 

Variation of Fre- 
quency (Unit-to-Unit) 

C x = 200 pF, 

Rg = 560 k£2, 

R X = 50 k£2 

5 

18 

21.5 

25 

kHz 

10 

20 

23 

26 

15 

21.1 

24 

27 

Variation of Fre- 
quency with voltage 
change (Same Unit) 

C x = 200 pF, 

Rg = 560 k£2, 

R x = 50 k£2 

5V to 10 V 

10V to 15V 

- 

- 

2 

1 

Rx max. 

C x = 10 fif 
= 50 mF 
= 10 mF 

5 

- 

- 

20 

M £2 

10 

- 

- 

20 

15 

- 

- 

10 

Cx max. 

R x = 500 k£2 
= 300 k SI 

= 300 k n 

5 

- 

- 

1000 

JiF 

10 

- 

- 

50 

15 

- 

- 

50 

Maximum Oscillator 
Frequency* 

Rx = 5 k£2 
C x =15pF 

10 

530 

650 

810 

kHz 

15 

690 

800 

940 

Drive Current at 

Pin 9 (For Oscillator 
Design) 

'OL 

V 0 = 0.4 V 

5 


0.35 


mA 

= 0.5 V 

10 

- 

0.8 

- 

= 1.5 V 

15 

- 

3 

- 

•oh 

V n = 4.6 V 

5 

- 

-0.35 

- 

= 9.5 V 

10 

- 

— 0.8 

- 

= 13.5 V 

15 

- 

-3 

- 


* RC oscillator applications are not recommended at supply voltages below 7 V for R x = 50 kft. 


V DD 



Fig. 14 — Quiescent device current. 



NOTE • 

TEST ANY COMBINATION 
OF INPUTS 


SECS -2 744 1 R 

Fig. 15 — Input voltage. 


INPUTS 


vss 


T 

Vss 


NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V DD AN O V SS ' 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
v dd orv ss . 


92CS - 27402 

Fig. 16— Input current. 



105- 113 

(2.667-2.870) 


92CM-3I255 


Dimensions and pad layout for CD4060B. 


TERMINAL DIAGRAM 


16 — VDD 
15 — qio 
14 — Q8 
13 — 09 
12 — RESET 
H — *1 
10 — * 0 
9 -*o 


(TOP VIEW) 

92CS-2376IR2 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~3 inch). 


The photographs and dimensions represent 
a chip when it is part of the wafer. When the 
wafer is cut into chips, the cleavage angles 
are 57 instead of 90° with respect to the 
face of the chip. Therefore, the isolated 
chip is actually 7 mils (0.17 mm) larger 
in both dimensions. 
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CD4063B Types 


COS/MOS 4-Bit Magnitude 
Comparator 


High Voltage Types (20-Volt Rating) 


The RCA-CD4063B is a 4-bit magnitude com- 
parator designed for use in computer and 
logic applications that require the comparison 
of two 4-bit words. This logic circuit deter- 
mines whether one 4-bit word (Binary or 
BCD) is "less than", "equal to", or "greater 
than" a second 4-bit word. 

The CD4063B has eight comparing inputs 
(A3, B3, through AO, BO), three outputs (A 
< B, A = B, A > B) and three cascading inputs 
(A < B, A = B, A > B) that permit systems 
designers to expand the comparator function 
to 8, 12, 16 ... 4N bits. When a single 
CD4063B is used, the cascading inputs are 
connected as follows: (A < B) = low, (A = B) 
= high, (A > B) = low. 

For words longer than 4 bits, CD4063B de- 
vices may be cascaded by connecting the 
outputs of the less-significant comparator to 
the corresponding cascading inputs of the 
more-significant comparator. Cascading in- 
puts (A < B, A = B, and A > B) on the 
least significant comparator are connected to 
a low, a high, and a low level, respectively. 


Features: 

■ Expansion to 8, 12, 16....4N bits by cascading units 

■ Medium-speed operation: 

compares two 4-bit words 
in 250 ns (typ.) at 10 V 

■ 100% tested for quiescent current at 20 V 

° Standardized symmetrical output characteristics 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Maximum input current of 1 /iA at 18 V 
over full package temperature range; 

100 nA at 18 V and 25°C 

■ Noise margin (full package temperature range) 

range) = 1 V at Vqq = 5 V 
2 Vat V DD = 10 V 
2.5 Vat V DD = 15 V 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

■ Servo motor controls ■ Process controllers 


WORD A 

Ta>b- 

l^A<B — 
WORD BC^ 


A>8 

h~ A* 8 

— A<B 


92CS-245I6 


FUNCTIONAL DIAGRAM 


B3 — l» 
{A<B)| N — 2 
(A- B)| N — 3 
(A > B)| N — 4 
(A>B) out — 5 

(A'B)out— 6 

(A<B) out — 7 

V SS — 18_ 


h-V D D 

A3 


-A2 


h-AI 
II | — 81 
AO 
9| — BO 


(TOP VIEW) 

92CS-2452J. 

TERMINAL ASSIGNMENT 


The CD4063B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
package (E suffix), 16-lead ceramic flat 
package (K suffix), and in chip form (H 
suffix). This device is pin-compatible with 
the standard 7485 TTL type. 


MAXIMUM RAT\NGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D,F) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D, F) Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating 
conditions should be selected so that 



operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

1 Min. 

Max. 

Supply-Voltage Range 
(For T A =Full Package- 
Temperature Range) 

3 

18 

V 


92CM- 23824RI 


/COMPARER f CASCADE \ 

l P TOTAL _t P \ INPUTS ) * 2x t p \j NPUTS /.AT V DD = 10V 

(3 STAGES) 


= 250 + (2 * 200) = 650 ns (TYP.) 

Fig. 1 — Typical speed characteristics of a 12-bit comparator. 
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CD4063B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 
Values at —55, +25, +1 25 Apply to D, F,H Packages 
Values at —40, +25, +85 Apply to E Package 

UNITS 

v 0 

(V) 

V|N 

(V) 

VDD 

(V) 

_ 

+25 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, 

IqD Max. 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

juA 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 
(Sink) Current 
Iql Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

Output High 
(Source) 

Current, 

Iqh Min. 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

.-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage: 
Low-Level, 

Vol Max. 

- 

' 

0,5 

5 

0.05 

- 

0 

0.05 

V 


0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage: 
High-Level, 

VoH Min. 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0.15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage, 

V|i_ Max. 

0.5, 4.5 

- 

5 

1.5 

— 

- 

1.5 

V 

1, 9 

- 

10 

3 

- 

— 

3 

1 .5, 1 3.5 1 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V|H Min. 

0.5, 4.5 

- 

5 

3.5 

3.5 

- 

- 

1,9 

- 

10 

7 

7 

- 

— 

1.5,13.5 1 

- 

15 

11 

11 

- 

- 

Input Current 
l|N Max. 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 


±10“ 5 

±0.1 

aA 


TRUTH TABLE 


INPUTS 

OUTPUTS 

COMPARING 

CASCADING 

A3, B3 

A2, B2 

A1, B1 

A0, B0 

A < B 

A = B 

A > B 

A < B 

A = B 

A > B 

A3 > B3 

X 

X 

X 

X 

X 

X 

0 

0 

1 

A3 = B3 

A2> B2 

X 

X 

X 

X 

X 

0 

0 

1 

A3 = B3 

A2 = B2 

A1 > B1 

X 

X 

X 

X 

0 

0 

1 

A3 = B3 

A2 = B2 

A1 = B 1 

A0> B0 

X 

X 

X 

0 

0 

1 

A3 = B3 

A2 = B2 

A1 = B 1 

A0 = B0 

0 

0 

1 

0 

0 

1 

A3 = B3 

A2 = B2 

A1 = B 1 

A0 = BO 

0 

1 

0 

0 

1 

0 

A3 = B3 

A2 = B2 

A1 = B 1 

A0 = B0 

1 

0 

0 

1 

0 

0 

A3 = B3 

A2 = B2 

A1 = B 1 

A0 < B0 

X 

X 

X 

1 

0 

0 

A3 = B3 

A2 = B2 

A1 < B 1 

X 

X 

X 

X 

1 

0 

0 

A3 = B3 

A2< B2 

X 

X 

X 

X 

X 

1 

0 

0 

A3 < B3 

X 

X 

X 

X 

X 

X 

1 

0 

0 


X = Don't Care Logic 1 - High Level Logic 0 = Low Level 
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CD4063B Types 



Fig. 2 — Logic diagram for CD4063B. 


DYNAMIC ELECTRICAL CHARACTERISTICS 

At T a = 25° C; Input t r , tf= 20ns, C L = 50 pF, R L = 200k VL 


CHARACTERISTIC 

TEST CONDITIONS 

ALL TYPES 

LIMITS 

UNITS 


V DD 

Volts 

Typ. 

Max. 

Propagation Delay Time: 


5 

625 

1250 


Comparing Inputs to 


10 

250 

500 


Outputs, tp HL , t PLH 


15 

175 

350 

ns 



5 

500 

1000 


Cascading Inputs to 


10 

200 

400 


Outputs, tpn L , tpm 


15 

140 

280 




5 

100 

200 


Transition Time, 


10 

50 

100 

ns 

l THL' t TLH 


15 

40 

80 


Input Capacitance, C||\j 

Any Input 

5 

7.5 

pF 



Fig. 4 — Minimum output low (sink) 
current characteristics. 


DRAIN- TO- SOURCE VOLTAGE (V DS )-V 
H5 -10 -5 0 





31 


N 

T 


TE ,T, ER * TU , RE ^ A) : 2 ?: c tttttii|lliii|||i|iitf 







: 

? 


III 

-5 f 

1 
-10 H 

"i 

-»s 

oc 

-25 1 

J 

O 


92CS-24320R3 


Fig. 5 — Typical output high ( source ) 
current characteristics. 

DR AIN-TO- SOURCE VOLTAGE <V 0 S>— V 



Fig. 6 — Minimum output high ( source ) 
current characteristics. 


216 



POWER DISSIPATION (P 0 ) 


CD4063B Types 




Fig. 7 — Typical propagation delay time 
vs. load capacitance (" comparing 
inputs " to outputs). 


Fig. 8 — Typical propagation delay time vs. supply 
voltage (“ comparing inputs" to outputs). 



Fig. 9 — Typical transition time vs. load capacitance. 



INPUT FREQUENCY if) — kHz 

92CS-24519RI 


Fig. 10— Typical power dissipation vs. frequency 
(see Fig. 12 — dynamic power 
dissipation test circuit). 


V DO 


NOTE 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH V DD ANOV ss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
V D0 ORV ss - 

V S S 


Fig. 11 — Input current test circuit. 





92CS-2744IRI 


Fig. 13— Input-voltage test circuit. 



Fig. 14 — Quiescent-device-current test circuit. 



The photographs and dimensions of each COS/MOS 
Dimensions in parentheses are in millimeters and are chip represent a chip when it is part of the wafer, 
derived from the basic inch dimensions as indicated. When the wafer is cut into chips, the cleavage 

Grid graduations are in mils (10 ^ inch). angles are 57° instead of 90° with respect to the 

face of the chip. Therefore, the isolated chip is 
actually 7 mils (0.17 mm) larger in both dimensions. 
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CD4066B Types 


COS/MOS Quad Bilateral 
Switch 

For T ransmission or Multiplexing of Analog 
Digital Signals 

High-Voltage Type? (20-Volt Rating) 

The RCA-CD4066B is a quad bilateral switch 
intended for the transmission or multiplex- 
ing of analog or digital signals. It is pin-for- 
pin compatible with RCA-CD4016B, but 
exhibits a much lower on-state resistance. In 
addition, the on-state resistance is relatively 
constant over the full input-signal range. 

The CD4066B consists of four independent 
bilateral switches. A single control signal is 
required per switch. Both the p and the n 
device in a given switch are biased on or 
off simultaneously by the control signal. 

As shown in Fig.1, the well of the n-channel 
device on each switch is either tied to the 
input when the switch is on or to V33 when 1 
the switch is off. This configuration elimi- 
nates the variation of the switch-transistor 
threshold voltage with input signal, and thus 1 
keeps the on-state resistance low over the full 
operating-signal range. 1 

The advantages over single-channel switches 
include peak input-signal voltage swings equal t 

to the full supply voltage, and more constant 
on-state impedance over the input-signal 
range. For sample-and-hold applications, 1 

however, the CD4016B is recommended. 1 

The CD4066B is available in 1 4-lead ceramic 
dual-in-line packages (D and F suffixes), 
14-lead plastic dual-i n-lipe packages (E suf- 
fix), 14-lead ceramic flat packages (K suffix), 
and in chip form (H suffix) , 


Features: 

■ 15-V digital or ±7.5-V peak-to-peak switching 

■ 125fi typical on-state resistance for 15-V operation 

■ Switch on-state resistance matched to within 5 r2 over 
15-V signal-input range 

■ On-state resistance flat over full peak-to-peak signal 
range 

■ High on/off output-voltage ratio: 80 dB typ. @ 
f is = 10 kHz, R l = 1 kn 

■ High degree of linearity: <0.5% distortion 
typ. @ fj s = 1 kHz, Vj s = 5 Vp-p, Vqd — 

V S S>10 V, R L =10kH 

■ Extremely low off-state switch leakage 
resulting in very low offset current and high 

effective off-state resistance : 1 0 pA typ. @ Appi 
V D D- V S S = 10 V,T A = 25°C . An 

■ Extremely high control input impedance S 

(control circuit isolated from signal cir- S 

cuit): lO^ntyp. C 

■ Low crosstalk between switches: — 50 dB ■ Di< 

typ. @ f js = 8 MHz, R L = 1 kO ■ Tr; 

■ Matched control-input to signal-output ■ An 

capacitance: Reduces output signal co 

transients B pj ( 

■ Frequency response, switch on = 40 MHz ph 

(typ.) 

■ 100% tested for quiescent current at 20 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13 A, "Standard Specifications 
for Description of "B" Series CMOS Devices" 



Applications: 

■ Analog signal switching/multiplexing 

Signal gating Modulator 

Squelch control Demodulator 

Chopper Commutating switch 

■ Digital signal switching/Multiplexing 

■ Transmission-gate logic implementation 

■ Analog-to-digital & digital-to-analog 
conversion 

■ Digital control of frequency, impedance, 
phase, and analog-signal gain 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referfenced to V SS Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS 

DC INPUT CURRENT, ANY ONE INPUT (except for TRANSMISSION GATE v\ 
POWER DISSIPATION PER PACKAGE (P„): 

For T A = -40 to +60°C (PACKAGE TYPE E) 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Lm c 

For T a = -55 to +100°C (PACKAGE TYPES D, F) 

For T a = +100to +125°C (PACKAGE TYPES D, F) . . Derate Line; 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 
OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D, F, H 

PACKAGE TYPE E 

STORAGE TEMPERATURE RANGE (T st ) 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10s max. 


0.5 to +20 V 

-0.5 to V DD +0.5 V 

ON GATE which is 25 mA) . ±10mA 

. 500 mW 

Derate Line--'*/ at 12 mW/°C to 200 mW 

500 mW 

Derate Linearly at 12 mW/°C to 200 mW 


-55 to +125 C 
-40 to +85°C 
-65 to + 1 50 C 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that oper- 
ation is always within the following ranges: 

T~~ LIMITS 

CHARACTERISTIC 1 UNITS 


Supply-Voltage Range (For Ta = Full Package- 
Temperature Range) 


LIMITS 1 

Min. 

Max. 

3 

18 


V. S 

Vis 



iRnl 





4_ T 

1^" , 

I i 
”1 

’V SS 

>> 

SIGNAL-LE 

v S s a v is 


r "Ln 0UT 

1 . 1 °** 


NORMAL OPERATION 
CONTROL-LINE BIASING: 
SWITCH ON ,V C T' * Voo 
SWITCH OFF, Vc “0" *Vss 

NOTE : 

ALL " P" SUBSTRATES 
CONNECTED TO V DD 


ALL CONTROL INPUTS ARE 
PROTECTED BY COS/MOS 
PROTECTION NETWORK 



Fig. 1 — Schematic diagram of 1 of 4 identical 
switches and its associated control 
circuitry. 
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CD4066B Types 


ELECTRICAL CHARACTERISTICS 


Characteristic 

Test Conditions 

LIMITS AT INDICATED TEM- 
PERATURES (OC) 

Values at —55, +25, +125 Apply 
to D, F, H Packages 

Values at —40, +25, +85 Apply to 

E Package 

U 

N 

1 

T 

S 


V|N 

(V) 

V DD 

(V) 


+25 


-55 

-40 

+85 

+125 

Typ. 

Max. 

Quiescent Device 
Current, Iqq 


0,5 

5 

0.25 

0.25 

7.5 

7.5 

0.01 

0.25 


0,10 

10 

0.5 

0.5 

15 

15 

0.01 

0.5 

uA 

0,15 

15 

1 

1 

30 

30 

0.01 

1 


0,20 

20 

5 

5 

150 

150 

0.02 

5 


Signal Inputs (V; s ) and Output (V os ) 

On-State 
Resistance, r on 
Max. 

V C = V DD 

R|_ = 1 0 kI2 returned 

to V DD - V ss 

2 

v is = v SS t0 V DD 

5 

800 

850 

1200 

1300 

470 

1050 

il 

10 

310 

330 

500 

550 

180 

400 

15 

200 

210 

300 

320 

125 

240 

AOn-State 
Resistance 
Between Any 

2 Switches, Ar on 

R L =10 kS2, V c = V DD 

5 

_ 

_ 

_ 

_ 

15 

_ 

12 

10 

- 

- 

- 

- 

10 

- 

15 

- 

- 

- 

- 

5 

- 

Total Harmonic 
Distortion, 

THD 

V C =V DD = 5 v » V SS = ” 5V ' V is(p-p) 
= 5V (Sine wave centered on 0 V) 
Rl= 10 k!2, f j s = 1 kHz sine wave 

- 

- 

- 

- 

0.4 

- 

% 

-3dB Cutoff 
Frequency 
(Switch on) 

V C =V DD =5V, V ss =— 5 V, Vj s | p . p ) 

= 5V (Sine wave centered on 0 V 

R l = 1 k!2, 

- 

- 

- 

- 

40 

- 

MHz 

-50dB Feed- 
through 
Frequency 
(Switch off) 

V C =V S S= -5V,V is(p . p) = 5V 

Sine wave centerd on 0 V 

R|_ = 1 k!2 

- 

- 

- 

- 

1 

- 

MHz 

Input/Output 
Leakage Current 
(Switch off) 
lj s Max. 

v c = ov 

V is = 18V;V os = 

0 V, Vi, = 0V; 

V 0S = 18V 

18 

±0.1 

±0.1 

±1 

±1 

±10' 5 

±0.1 

/iA 

-50 dB 

Crosstalk 

Frequency 

V C (A) = V DD = 

+5 V, V C (B) = V SS 
= —5 V, V js (A) = 

5 Vp.p, 50 12 source 

R L = 1 k!2 


- 

- 

- 

- 

8 

- 

MHz 

Propagation 

Delay (Signal 
Input to Signal 
Output) t pd 

RL = 200 k!2 

V C = V DD- V SS = 

GND,C L = 50pF 

Vj s = 10 V (Square 
wave centered on 5 V 
t r , tf = 20 ns 

5 

_ 

_ 

_ 

_ 

20 

40 

ns 

10 

- 

- 

- 

- 

10 

20 

15 

— 

— 

— 

~ 

7 

15 

Capacitance: 
Input, Cj s 

V DD = + 5V 

V C = V S S = -5V 


- 

- 

- 

- 

8 

- 

pF 

Output, C os 


- 

- 

- 

- 

8 

- 

Feedthrough, 

^ios 


- 

- 

- 

- 

0.5 

- 



INPUT SIGNAL VOLTAGE (V, 5 ) — V 92CS-27326RI 

Fig. 2— Typical on-state resistance i/s. input signal 
voltage (all types). 



Fig. 3— Typical on-state vs. input signal voltage 
(all types). 



Fig. 4— Typical on-state resistance vs. input signal 
voltage (all types). 



Fig. 5— on-state resistance vs. input signal 
voltage (all types). 
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CD4066B Types 

ELECTRICAL CHARACTERISTICS (cont'd) 


Characteristic 


Control (Vq) 

Control Input 
Low Voltage, 
V | i_c Max- 


Test Conditions 


LIMITS AT INDICATED 
TEMPERATURES (°C) 

Values at -55, +25, +125 Apply to 
D, F, H Packages 

Values at -40, +25, +85 Apply to 
E Package ^ 

V DD 1 1 1 ^ 

(V) -55 -40 +85 +125 Typ. Max. 



Fig. 7 - Channel on-state resistance measurement 
circuit. 


Il js l < 10/uA 

v is = v SS' V OS = V DD 
and 

v is = v DD' V OS = V SS 



Maximum 
Control Input 
Repetition Rate 


lput 

Capacitance, 


t r , tf = 20 ns, 
v„ t = 'AM a C @ 1 kHz 


Switch Input 


l js (mA) 

V IS 

(V) 

— 55°C 

— 40°C 

+25° C 

+85°C 

+125°C 

0 

0.64 

0.61 

0.51 

0.42 

0.36 

5 

-0.64 

-0.61 

-0.51 

-0.42 

-0.36 

0 

1.6 

1.5 

1.3 

1.1 

0.9 

10 

-1.6 

-1.5 

-1.3 

-1.1 

-0.9 

0 

4.2 

4 

3.4 

2.8 

2.4 

15 

-4.2 

-4 

-3.4 

-2.8 

-2.4 


Switch Output, 

v os (V) 

Min. 

Max. 

4.6 

0.4 

9.5 

0.5 

13.5 

1.5 


SWITCHING FREQUENCY (f)-KHl 

92CS- 30920 

Fig. 9 - Power dissipation per package vs. switching 
frequency. 


Ivis-Vosl 

Pi. | 



measured on boonton 

CAPACITANCE BRIDGE 
MODEL 7SA (IMHz) 

TEST FIXTURE CAPACITANCE 
NULLED OUT 


Fig. 6— Determination of r Qn as a test condition for control input 
high voltage (Vf H Q) specification. 


Fig. 10 — Capacitance test circuit. 






















CD4066B Types 



ALL UNUSED INPUTS ARE CONNECTED TO Vss 


Fig. 11 — Off-switch input or output leakage. 


Fig. 12 - Propagation delay time signal input (V js ) 
to signal output (V QS ). 


Fig. 13 — Crosstalk-control input to signal output. 



XX 


ALL UNUSED TERMINALS ARE CONNECTED TO Vss 



TO BOTH V DD ANO V ss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 

v dd orv ss . 


Fig. 14 — Propagation delay t PHL control- 

signal output. Delay is measured at 
V os level of + 10% from ground ( turn-on ) 
or on-state output level (turn-off). 


ALL UNUSED INPUTS ARE CONNECTED TO Vss 


Fig. 15 — Maximum allowable control input 
repetition rate. 


Fig. 16 — Input leakage current test circuit. 



1 - CD4049B 
3 - CD4C66B 

2 - CD40I8B 



CHAN t CHAN.2 j CHAN. 3 , CHAN. 


Fig. 17— 4-channel PAM multiplex system diagram. 
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CD4066B Types 



Fig. 18 — Bidirectional signal transmission via digital control logic. 



69-77 

(1.753-1.955) 


92CM- 30929 


CD4066BH 
CHIP PHOTOGRAPH 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in - 
dicated. Grid graduations are in mils (10~3 inch). 


SPECIAL CONSIDERATIONS - CD4066B 

1. In applications that employ separate 
power sources to drive Vdd and the 
signal inputs, the Vdd current 
capability should exceed Vdd / r L ( r L 
= effective externa! load of the four 
CD4066B bilateral switches). This 
provision avoids any permanent cur- 
rent flow or clamp action on the Vdd 
supply when power is applied or 
removed from the CD4066B. 


The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0.17 mm) larger in both dimensions. 

2. In certain applications, the external 
load-resistor current may include 
both Vdd and signal-line com- 
ponents. To avoid drawing Vdd cur- 
rent when switch current flows into 
terminals 1,4,8, or 11, the voltage drop 
across the bidirectional switch must 
not exceed 0.8 volts (calculated from 
RON values shown). 

No Vdd current will flow through R|_ 
if the switch current flows into ter- 
minals 2,3,9, or 10. 
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CD4067B, CD4097B Types 


COS/MOS Analog 
Multiplexers/Demultiplexers 


High-Voltage Types (20-Volt Rating) 

CD4067B — Single 16-Channel 

Multiplexer/Demultiplexer 
CD4097B — Differential 8-Channel 

Multiplexer/Demultiplexer 


The RCA-CD4067B and CD4097B COS/MOS 
analog multiplexers/demultiplexers* are digi- 
tally controlled analog switches having low 
ON impedance, low OFF leakage current, and 
internal address decoding. In addition, the 
ON resistance is relatively constant over the 
full input-signal range. 

The CD4067B is a 16-channel multiplexer 
with four binary control inputs, A,B,C,D, and 
an inhibit input, arranged so that any com- 
bination of the inputs selects one switch. 
The CD4097B is a differential 8-channel multi- 
plexer having three binary control inputs A, 
B, C, and an inhibit input. The inputs permit 
selection of one of eight pairs of switches. 

A logic "1" present at the inhibit input turns 
all channels off. 

The CD4067 and CD4097 are supplied in 24- 
lead dual-in-line welded-seal ceramic pack- 
ages (D suffix), 24-lead dual-in-line frit-seal 
ceramic packages (F suffix), 24-lead dual- 
in-line plastic packages (E suffix), 24-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 


Features: 

■ Low ON resistance: 125 £2 (typ.) over 15 
Vp.p signal-input range for Vqd— V ss = 15 V 

■ High OFF resistance: channel leakage of 
±10 pA (typ.) @ Vdd - Vss = 10 ^ 

■ Matched switch characteristics: RON = 5 £2 (typ.) 
for VdD-VsS=15 V 

■ Very low quiescent power dissipation under 
all digital-control input and supply conditions: 

0.2 juW (typ.) @ Vdd-VsS=10 V 

■ Binary address decoding on chip 

■ 5-V, 10-V, and 15-V parametric ratings 

■ 100% tested for quiescent current at 20 V 

■ Standardized symmetrical output 
characteristics 

■ Maximum input current of 1 juA at 18 V 
over full package temperature range; 

100 nA at 18 V and 25°C 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

■ Analog and digital multiplexing and demultiplexing 

■ A/D and D/A conversion 

■ Signal gating 




TERMINAL ASSIGNMENT 

92CS-24979 


*When these devices are used as demultiplexers, 
the channel in/out terminals are the outputs and 
the common out/in terminals are the inputs. 


Recommended Operating Conditions at 
T A = 25°C (Unless Otherwise Specified) 

For maximum reliability, nominal operating 
conditions should be selected so that opera- 
tion is always within the following ranges. 
Values shown apply to all types except as 
noted. 


Characteristic 

Min. 

Max. 

Units 

Supply-Voltage Range 
(T A =Full Package- 
Temp. Range) 

3 

18 

V 

Multiplexer Switch Input 
Current Capability 

- 

25 

mA 

Output Load Resistance 

100 

- 

n 


NOTE: 


In certain applications, the external load-resistor 
current may include both Vqq and signal-line 
components. To avoid drawing Vqq current when 
switch current flows into the transmission gate 
inputs, the voltage drop across the bidirectional 
switch must not exceed 0.8 volt (calculated from 
Rqn values shown in ELECTRICAL CHARAC- 
TERISTICS CHART). No V DD current will flow 
through R|_ if the switch current flows into 
terminal 1 on the CD4067; terminals 1 and 17 on 
the CD4097. 
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Fig. 1 — CD4067 functional diagram. 


CD4067 TRUTH TABLE 


A 

B 

c 

D 

Inh 

Selected 

Channel 

X 

X 

x 

X 

1 

None 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

2 

1 

1 

0 

0 

0 

3 

0 

0 

1 

0 

0 

4 

1 

0 

1 

0 

0 

5 

0 

1 

1 

0 

0 

6 

1 

1 

1 

0 

0 

7 

0 

0 

0 

1 

0 

8 

1 

0 

0 

1 

0 

9 

0 

1 

0 

1 

0 

10 

1 

1 

0 

1 

0 

11 

0 

0 

1 

1 

0 

12 

1 

0 

1 

1 

0 

13 

0 

1 

1 

1 

0 

14 

1 

1 

1 

1 

0 

15 



Vss*^ 92CS-24980R2 


Fig. 2—CD4097 functional diagram. 


CD4097 TRUTH TABLE 


A 

B 

c 

Inh 

Selected 

Channel 

X 

X 

x 

1 

None 

0 

0 

0 

0 

OX, OY 

1 

0 

0 

0 

IX, 1 Y 

0 

1 

0 

0 

2X, 2Y 

1 

1 

0 

0 

3X, 3Y 

0 

0 

1 

0 

4X, 4Y 

1 

0 

1 

0 

5X, 5Y 

0 

1 

1 

0 

6X, 6Y 

1 

1 

1 

0 

7X, 7Y 
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CD4067B, CD4097B Types 


ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS at Indicated Temperature (°C) 
Values at —55, +25, +125, apply to D,H pkg 
Values at -40,+25, +85, apply to E pkg 

Units 

V is 

(V) 

V SS 

(V) 

V DD 

(V) 

-55 

-40 

+85 

+125 

+25 

Min.|Typ. | Max. 

SIGNAL INPUTS (V js ) AND OUTPUTS (V os ) | 

Quiescent 
Device Cur- 
rent, l DD 
Max. 



5 

5 

5 

150 

150 

- 

0.04 

5 

pA. 



10 ' 

10 

10 

300 

300 

- 

0.04 

10 



15 

20 

20 

600 

600 

- 

0.04 

20 



20 

100 

100 

3000 

3000 

- 

0.08 

100 

ON-state Re 
sistance 

Vcc< 

v is <v DD 
r on Max. 


0 

5 

800 

850 

1200 

1300 


470 

1050 

( > 

0 

10 

310 

330 

520 

550 

- 

180 

400 

0 

15 

200 

210 

300 

320 

- 

125 

240 

Change in 
on-state 
Resistance 
(Between 
Any Two 
Channels) 
^ r on 


0 

5 ’ 






15 


o 


0 

10 

- 

- 

- 

- 

- 

10 

- 


0 

15 

_ 

_ 

_ 

_ 

_ 

5 

- 

OFF Chan- 
nel Leak- 
age Cur- 
rent: Any 
Channel 
OFF Max. 
or 

All Chan- 
nels OFF 
(Common 
OUT/IN) 
Max. 


0 

18 

±100* 

±1000* 


±0.1 

±100* 

nA 

Capacitance: 
Input, C js 


-5 

5 

_ . 

- 

- 

- 

- 

5 

- 

pF 

Output, 

Cos 

CD4067 






55 


CD4097 

- 

- 

- 

- 

- 

35 


Feed- 

through, 

C ios 

- 

- 

- 

- 

- 

0.2 


Propaga- 
tion Delay 
Time (Sig- 
nal Input 
to Output 

V DD 

J~L 

R|_ = 200 Ktt 
C l =50 pF 
t r ,tf =20 ns 

5 

_ 

_ 

_ 

_ 

_ 

30 

60 

ns 

10 

- 

- 

- 

- 

.. I 

15 

30 

15 

~ 

— 

— 

— 


10 

20 

| CONTROL (ADDRESS or INHIBIT) V c | 

Input Low 
Voltage, 
V|l Max. 

-V DD 

thru 

R l =1 Kil 
to V cc 
l| S <2 pA 
on all OFF 

Channels 

5 

1.5 

- 

- 

1.5 


10 

3 

- 

- 

3 


15 

4 

- 

- 

4 

v 

Input High 
Voltage, 

V | j_| Min. 

1 K<2 

5 

3.5 

3.5 

- 

- 


10 

7 

7 

- 

- 


15 

11 

11 

- 

- 



Determined by minimum feasible leakage measurement for automatic testing. 



92CS-27326 

Fig. 3— Typical ON resistance vs. input signal 
voltage (all types). 



INPUT SIGNAL VOLTAGE (V |S ) V 

92CS-27327 

Fig. 4— Typical ON resistance vs. input signal 
voltage (all types). 



92CS-27J29 

Fig. 5— Typical ON resistance vs. input signal 
voltage (all types). 



92CS-27330 


Fig. 6— Typical ON resistance vs. input signal 
voltage (all types). 
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CD4067B, CD4097B Types 


ELECTRICAL CHARACTERISTICS (Cont'd) 



TEST CIRCUITS 



9ZCS- 27332 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to V§s Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T a = -55 to +100°C (PACKAGE TYPES D, F) 500 mW 

For T a = +100 to +125°C (PACKAGE TYPES D, F). . . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, H -55 to +1 25°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265°C 



92CS-27337RI 


Fig. 7— OFF channel leakage current— any channel OFF. 



Fig. 8— Input voltage-measure <2 pA on all OFF channels 
(e.g., channel 12). 


Fig. 9— OFF channel leakage current— all channels OFF. 
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CD4067B, CD4097B Types 



TEST CIRCUITS (Cont'd) 


V D0 



92CS-27339 


Fig. 10— Quiescent device current. 



Fig. 1 1— Turn-on and turn-off propagation delay— address select input to signal output 
(e.g. measured on channel 0). 


Fig. 12— Turn-on and turn-off propagation delay— 

inhibit input to signal output (e.g. measured 
on channel 1 ). 
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CD4067B, CD4097B Types 


SPECIAL CONSIDERATIONS 

In applications where separate power sources 
are used to drive Vdd and the signal inputs, 
the VpD current capability should exceed 
Vdd/^L (R ineffective external load). This 
provision avoids permanent current flow or 
clamp action on the Vdd supply when power 
is applied or removed from the CD4067B or 
CD4097B. 

When switching from one address to another, 
some of the ON periods of the channels of 
the multiplexers will overlap momentarily, 
which may be objectionable in certain appli- 
cations. Also when a channel is turned on or 
off by an address input, there is a momen- 
tary conductive path from the channel to 
Vss. which will dump some charge from any 
capacitor connected to the input or output 
of the channel. The inhibit input turning on 
a channel will similarly dump some charge to 
VSS- 

The amount of charge dumped is mostly a 
function of the signal level above V$S- 
Typically, at Vqd - V$S = 10 V, a 100-pF 


capacitor connected to the input or output 
of the channel will lose 3-4% of its voltage at 
the moment the channel turns on or off. 
This loss of voltage is essentially independent 
of the address or inhibit signal transition 
time, if the transition time is less than 1-2 jus. 
When the inhibit signal turns a channel off, 
there is no charge dumping to Vss- Rather, 
there is a slight rise in the channel voltage 
level (65 mV typ.) due to capacitive coupling 
from inhibit input to channel input or output. 
Address inputs also couple some voltage 
steps onto the channel signal levels. 

In certain applications, the external load- 
resistor current may include both Vdd and 
signal-line components. To avoid drawing 
Vdd current when switch current flows into 
the transmission gate inputs, the voltage drop 
across the bidirectional switch must not ex- 
ceed 0.8 volt (calculated from Ron values 
shown in ELECTRICAL CHARACTERIS- 
TICS CHART). No Vqd current will flow 
through R[_ if the switch current flows into 
terminal 1 on the CD4067B, terminals 1 and 
17 on the CD4097B. 



Dimensions and pad layout for CD4067BH. 


Dimensions and pad layout for CD4097BH. 



Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils ( 10~~ ^ inch). 


The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0. 1 7 mm) larger in both dimensions. 
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CD4068B Types 


COS/MOS 8-Input 
NAND/AND Gate 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4068B NAND/AND gate pro- 
vides the system designer with direct imple- 
mentation of the positive-logic 8-input NAND 
and AND functions and supplements the 
existing family of COS/MOS gates. 

The CD4068B types are supplied in 14-lead 
dual-in-line ceramic packages (D and F suf- 
fixes), 14-lead dual-in-line plastic packages 
(E suffix), 14-lead ceramic flat packages (K 
suffix), and in chip form (H suffix). 



(TOP VIEW) 

NC* NO CONNECTION 

TERMINAL ASSIGNMENT 


92CS-24578 R2 


Features: 

■ Medium-Speed Operation: 

tPHLf tPLH = 75 ns (typ.) at Vqd = 10 V 

■ Buffered inputs and outputs 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Standardized symmetrical output characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 /jA at 18 V 
over full package-temperature range; 

100 nA at 18 V and 25°C 

■ Noise margin (overfull package-temperature 
range): 1 V at Vdd = 5V 

2 V at Vdd = 10 V 2.5 Vat Vdd = 15 V 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of 'B' Series CMOS Devices" 



RECOMMENDED 
OPERATING CONDITIONS 
For maximum reliability, nominal operating 
conditions should be selected so that operation 
is always within the following ranges: 


CHARACTERISTIC 

Min. 

Max. 

Units 

Supply-Voltage Range 
(For T^ = Full Package 
Temperature Range) 

3 

18 

V 



STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +1 25 Apply to D,F,H Packages 
Values at -40, +25, +85 Apply to E Package 

UNITS 

v 0 

(V) 

V|N 

(V) 

~ < 

< O 

— u 


+25 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, 

idd Max - 

- 

0,5 

5 

0.25 

0.25 

7.5 

7.5 

- 

0.01 

0.25 

pA 

- 

0,10 

10 

0.5 

0.5 

15 

15 

- 

0.01 

0.5 

- 

0,15 

15 

1 

1 

30 

30 

- 

0.01 

1 

- 

0,20 

20 

5 

5 

150 

150 

- 

0.02 

5 

Output Low 
(Sink) Current 
|QL Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

34 

6.8 

- 

Output High 
(Source) 

Current, 

Iqh Min - 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage: 
Low-Level, 

Vol Max. 

- 

0.5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage: 
High-Level, 

Voh Min. 

- 

0.5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage, 

V| L Max. 

0.5, 4.5 

- 

5 

1.5 

- 

- 

1.5 

V 

1,9 

- 

10 

3 

- 

- 

3 

1.5,13.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V|H Min. 

... 

0.5, 4.5 

- 

5 

3.5 

3.5 

- 

- 

1,9 

- 

10 

7 

7 

- 

— 

1.5,13.5 

- 

15 

1 1 

1 1 

- 

- 

Input Current 

1 IN Max. 


0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

no -5 

±0.1 




Fig. 2 — Typical output low (sink) current 
characteristics. 



Fig. 3 — Minimum output low (sink) 
current characteristics. 
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CD4068B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgs Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D.F.) 500 mW 

For T A = +100 to +125°C (PACK AGE TYPES D, F,) . . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE { T A ) : 

PACKAGE TYPES D, F, H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1 /32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 


DRAIN- TO- SOURCE VOLTAGE (V DS )-V 
H5 -10 -5 0 
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OUTPUT HIGH (SOURCE) CURRE 


Fig. 4 — Typical output high (source) 
current characteristics. 


DYNAMIC ELECTRICAL CHARACTERISTICS 

At T^= 2 *f C; Input t r , tf= 20 ns, C ^ = 50 pF, R ^ = 200 kil 


CHARACTERISTIC 

TEST CONDITIONS 

ALL TYPES 

LIMITS 

UNITS 


V DD 

VOLTS 

TYP. 

MAX. 

Propagation Delay Time, 


5 

150 

300 


tpHL, tPLH 


10 

75 

150 

ns 



15 

55 

110 




5 

100 

200 


Transition Time, 


10 

50 

100 

ns 

tTHL-tJLH 


15 

40 

80 


Input Capacitance, C | jyj 

Any Input 

5 

7.5 

pF 



DETAIL OF INVERTERS 


{£- 

> Vss 

i !^p n 



Fig. 7 — Schematic diagram. 


Vss 

*all inputs PROTECTED BY 92CM-29094 
C0S/M0S PROTECTION 
NETWORK 


DRAIN-T0-S0 URCE VOLTAGE (Vds)— V 



92CS-24J2K 

Fig. 5 — Minimum output high (source) 
current characteristics. 



Fig. 6 — Typical transition time as a function 
of load capacitance. 
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LOAD CAPACITANCE (C L I— pF 

92CS-2909C 


Fig. 8 — Typical propagation delay time 
as a function of load capacitance. 
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CD4068B Types 



0 5 10 15 20 25 


INPUT VOLTAGE ( V x ) — V 

Fig. 9 — Typical voltage transfer charac- 
teristics (NAND output ). 



Fig. 12 - Input current test circuit. 



Fig. 10— Typical dynamic power dissi- 


pation as a function of frequency. 


v oo 



TEST ANY COMBINATION 
OF INPUTS 

92CS-2744IRI 


Fig. 13 — Input-voltage test circuit. 



Fig. 11 — Quiescent-device-current test circuit. 



92CS- 29095 

Fig. 14 — Dynamic power dissipation 
test circuit. 



9203*29097 


Dimensions and pad layout for CD4068BH. 

The photographs and dimensions of each COS/MOS 
Dimensions in parentheses are in millimeters and are chip re P resent a chi P when it is part of the wafer, 
derived from the basic inch dimensions as indicated. When the wafer is cut into^ chips, the cleavage 

Grid graduations are in mils (10~ 3 inch). an 9 les are 57 instead of 90 with respect to the 

face of the chip. Therefore, the isolated chip is 
actually 7 mils (0.17 mm) larger in both dimensions. 
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CD4069UB Types 


COS/MOS Hex Inverter 

High-Voltage Types (20-Volt Rating) 


The RCA-CD4069UB types consist of six 
COS/MOS inverter circuits. These devices are 
intended for all general-purpose inverter 
applications where'the medium-power TTL- 
drive and logic-level-conversion capabilities 
of circuits such as the CD4009 and CD4049 
Hex Inverter/Buffers are not required. 

The CD4069U B-Series types are supplied in 
14-lead hermetic dual-in-line ceramic pack- 
ages (D and F suffixes), 14-lead dual-in-line 
plastic package (E suffix), 14-lead ceramic 
flat package- (K suffix), and in chip form (H 
suffix). 


Features: 

■ Standardized symmetrical output 
characteristics 

■ Medium Speed Operation-tpH|_,tp|_|-|-30 ns (typ.) 
at 1 0 V 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 juA at 18 V 
over full package-temperature range; 

100 nA at 18 V and 25°C 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13 A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

■ Logic inversion 

■ Pulse shaping 

■ Oscillators 

■ High-input-impedance amplifiers 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating condition', should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

Min. 

Max. 

Supply Voltage Range (For T A =Full Package 
Temperature Range) 

3 

18 

V 




INPUT VOLTAGE (Vjl-V 


9ZCS- 28A36RI 


MAXIMUM RATINGS, Absolute-Maximum Values: 


Fig. 1 — Minimum and maximum voltage 
transfer characteristics. 


DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgs Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60° C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D,F) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D, F) . . . Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, H -55 to +125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch ( 1 .59 ± 0.79 mm) from case for 1 0 s max +265°C 



DYNAMIC ELECTRICAL CHARACTERISTICS at T A - 25°C; Input t,, If » 20 ns, 
C L = 50 pF, R L = 200 Kfl 


Fig. 2 — Typical voltage transfer characteristics as a 
function of temperature. 


CHARACTERISTIC 

CONDITIONS 

V DD 

V 
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Fig. 3 - Typical current and voltage transfer 
characteristics. 
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CD4069UB Types 


STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS Values at -55, +25, +125 Apply to D,F,H Packages 
CHARACTER- Values at —40, +25, +85 Apply to E Package 

IST,C lv.„. Iv„„ I +25 


Quiescent Device 
Current, 

IDD Max- 




Output Low 
(Sink) Current 
Iql Min. 


Output High 
(Source) 
Current, 

IqH M'n- 

Output Voltage: 
Low-Level, 
VoL Max. 

Output Voltage: 
High-Level, 
VoH Min. 

Input Low 


V | (_ Max. 




(V) 

-55 

-40 

5 

0.25 

0.25 

10 

0.5 

0.5 

15 

1 

1 

20 

5 

5 

5 

0.64 

0.61 

10 

prr 

1.5 

15 

i 4.2 

4 



El 

RR:s:| 

siSs8:us:ss::::sss:l 
















CD4069UB Types 


AMBIENT TEMPERATURE (T A ).25*Cf 



LOAD CAPACITANCE (C L ) — pF 

Fig. 12 — Typical transition time i/s. load 
capacitance. 



o 10* 10 s 

FREQUENCY (I ) — KHz 


Fig. 13 — Typical dynamic power dissipation 
vs. frequency. 
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6 B 10 12 14 16 

SUPPLY VOLTAGE (V DD )— VOLTS 

92CS-ZSII4RI 


Fig. 14 — Variation of normalized propagation 
delay time (tp/gi_ and with 

supply voltage. 


NOTE : ° 

TEST ANY ONE INPUT, WITH OTHER 
INPUTS AT V D0 OR V SS 


NOTE : 

MEASURE INPUTS SEQUENTIALLY 
TO BOTH V DD AND V SS . 
CONNECT ALL UNUSED INPUTS 
TO EITHER V DD OR V ss . 


Fig. 15 — Quiescent device current test circuit. 


Fig. 16 — Noise immunity test circuit. 


Fig. 17 - Input leakage current test circuit. 




1 -—90% 
50% 


APPLICATIONS 

1/6 CD4069 


Fig. 18 — Dynamic electrical characteristics test circuit and waveforms. 



1/6 CD4069 



R t »IO MEG 


92CS-24439RI 

Fig. 20 — High-input impedance amplifier. 


1/3 CD4069 



R f 


UPPER SWITCHING POINT: 

R S + R f V DD 
V P " Rf T~ 

LOWER SWITCHING POINT. 

R f ~ R S V DD 
N “ R f 2 

R f > R S 

92CS - 24440RI 

Fig. 22 — Input pulse shaping circuit 
( Schmitt trigger). 


1/3 CD4069 



FOR TYPICAL COMPONENT 
VALUES AND CIRCUIT PERFORMANCE, 
SEE APPLICATION NOTE ICAN-6466 
92CS-Z443BR2 

Fig. 21 — Typical RC oscillator circuit. 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10~^ inch). 

The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0. 1 7 mm) larger in both dimensions. 


Fig. 19 — Typical crystal oscillator circuit. 



92CS-32205 


Dimensions and pad layout for CD4069UBH. 
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CD4070B, CD4077B Types 


COS/MOS 

Quad Exclusive-OR and 
Exclusive-NOR Gates 

High-Voltage Types (20-Volt Rating) 

CD4070B — Quad Exclusive-OR Gate 
CD4077B — Quad Exclusive-NOR Gate 

The RCA-CD4070B contains four independ- 
ent Exclusive-OR gates. The RCA-CD4077B 
contains four independent Exclusive-NOR 
gates. 

The CD4070B and CD4077B provide the 
system designer with a means for direct 
implementation of the Exclusive-OR and 
Exclusive-NOR functions, respectively. 

The CD4070B and CD4077B types are sup- 
plied in 14-lead hermetic dual-in-line ceramic 
packages (D and F suffixes), 14-lead dual- 
in-line plastic packages (E suffix), 14-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (V DQ ) 

(Voltages referenced to V$s Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS 

DC INPUT CURRENT. ANY ONE INPUT 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) . . . 

For T A = +60 to +85°C (PACKAGE TYPE E) . . . 

For T A - -55 to +100°C (PACKAGE TYPES D,F) 

For T A = +100 to +125°C (PACKAGE TYPES D, F) . 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


Features: 

■ Medium-speed operation— tpH|_, t PLH = 

65 ns (typ.) at Vqq = 10 V, C|_ = 50 pF 

■ 100% tested for quiescent current at 20 V 

■ Standardized symmetrical output characteristics 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Maximum input current of 1 fi A at 18 V 
over full package-temperature range; 

100 nA at 18 V and 25°C 

■ Noise margin (overfull package-temperature 
range): 

1 Vat V DD = 5 V 

2 Vat V DD = 10 V 
2.5 Vat V DD = 15 V 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

■ Logical comparators ■ Adders/subtractors 

■ Parity generators and checkers 


-0.5 to +20 V 

— 0.5 to Vqd +0.5 V 

±10 mA 

500 mW 

Derate Linearly at 12 mW/°C to 200 mW 



500 mW 

Derate Linearly at 12 mW/°C to 200 mW 


RECOMMENDED 
OPERATING CONDITIONS 


FOR T a = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D. F, H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1 /32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 


For maximum reliability, nominal operating 
conditions should be selected so that opera- 
tion is always within the following ranges: 


Characteristic 

Min. 

Max. 

Units 

Supply-Voltage Range 
(For T a = Full Package- 
Temperature Range) 

3 

18 

V 



Fig. 1 — Schematic diagram for CD4070B 
(1 of 4 identical gates). 



(TOP VIEW) 

92CS-24498 


TERMINAL ASSIGNMENT 
CD4070B 



(TOP VIEW) 


92CS-24499R2 

TERMINAL ASSIGNMENT 
CD4077B 
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CD4070B, CD4077B Types 



TRUTH TABLE CD4077B 
1 of 4 Gates 


A 

B 

J 

0 

0 

1 

1 

0 

0 

0 

1 

0 

1 

1 

1 


1 = HIGH LEVEL 
0= LOW LEVEL 
J = A 0 B 


Fig. 2 — Schematic diagram for CD4077B 
(1 of 4 identical gates). 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55,+25,+125 Apply to D,F,H Pkgs. 
Values at —40, +25, +85 Apply to E Pkgs. 

UNITS 

V 0 

<V) 

V|N 

(V) 

D > 
> ~ 

-55 

-40 

+85 

+125 

+25 

Min. 

Typ. 

Max. 

Quiescent 

Device 

Current 
l DD Max. 

_ 

0,5 

5 

1 

1 

30 

30 

- 

0.02 

1 


- 

0,10 

10 

2 

2 

60 

60 

- 

0.02 

mrm 

- 

1'IH 

■a 

4 

4 

mnm 

■Eg 


g«I«OI 

n 

- ! 




nm 






Output Low 
(Sink) 
Current, 

Iql Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

i 


mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

Output High 
(Source) 
Current, 

'OH Min - 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-A 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Volt- 
age: 

Low- Level, 
Vql Max. 


0,5 

5 

0.05 

_ 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Volt- 
age: 

High-Level, 
Vqh Min. 


0,5 

5 

4.95 

4.95 

5 


- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage, 

V| L Max. 

0.5,4. 5 

- 

5 

1.5 

_ 

_ 

1.5 

V 

1,9 

- 

10 

3 

- 

- 

3 

1.5,13.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V||_| Min. 

0.5,4. 5 

- 

5 

3.5 

3.5 

_ 

_ 

1,9 

- 

10 

7 

7 

_ 

_ 

1.5,13.5 

- 

15 

11 

11 

- 

- 

Input 

Current, 
l| N Max. 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10“ 5 

±0.1 

HA 



Fig. 3 — Typical output low (sink) 
current characteristics. 



92 CS-243I9RI 


Fig. 4 — Minimum output low (sink) 
current characteristics. 

DR AIN- TO- SOURCE VOLTAGE (V D $>— V 
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3 

GATE-TO-SOURCE VOLTAGE (Vr.R)»-5v}|-[-f^|[/ j 

-s f 

1 
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z 

UJ 

"1 
-20 g 

-25 | 

i 

-30 1 

3 

o 


93CS- 24320R3 


Fig. 5 — Typical output high (source) 
current characteristics. 

DRAIN -T0-S0URCE VOLTAGE (Vds>— V 



Fig. 6 — Minimum output high (source) 
current characteristics. 
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CD4070B, CD4077B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C; Input tp tf = 20 ns, 
C L = 50 pF, R L = 200 Kfi 




LOAD CAPACITANCE (C L )-pF 


Fig. 7 — Typical transition time as a 
function of load capacitance. 



10 

in 4 - 

AMBIENT T 

EMPERATURE (T A >*25* 

1 .4 



$ 

* 2 

- 





§ 64 
z ^7 






2 8 
« 2 






IT 4 

»'y// 


— LOAD CAPACITANCE (C L )*50 pF 
— C l *I 5 pF 

6 

.2 

IO H 

' 1 Ml 

1 III 

1 II 1 

1 III 

1 III 

„ 

,2 4 68 

>*■ 

2 4 6 8 

2 4 68 

1 

, 2 4 68 

b 2 

2 4 6 6 

b 3 ic 


INPUT FREQUENCY (fx)-AHz 92CS-27403RI 

Fig. 10 - Typical dynamic power dissipation 
as a function of input frequency. 



Vcc TEST ANY COMBINATION 

OF INPUTS 

92CS-2744IRI 

Fig. 12 — Input-voltage test circuit. 



Fig. 14 — Dynamic power dissipation 
test circuit. 
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CD4071B, CD4072B, CD4075B Types 


COS/MOS OR Gates 

High-Voltage Types (20-Volt Rating) 

CD4071B Quad 2-Input OR Gate 

CD4072B Dual 4-Input OR Gate 

CD4075B Triple 3-Input OR Gate 

The RCA-CD4071 B, CD4072B, and 
CD4075B OR gates provide the system 
designer with direct implementation of the 
positive-logic OR function and supplement 
the existing family of COS/MOS gates. The 
CD4071, CD4072, and CD4075 types are 
supplied in 14-lead dual-in-line ceramic 
packages (D and F suffixes), 14-lead dual- 
in-line plastic packages (E suffix), 14-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 


Features: 

m Medium-Speed Operation-tp^, 

tpH[_ = 60 ns (typ.) at Vqq = 10 V 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 ju A at 18 V 

over full package-temperature range; 100 nA at 
18 V and 25°C 

■ Standardized, symmetrical output characteristics 

■ Noise margin (over full package temperature 

range) 

1 V at V DD = 5 V 

2 V at V DD = 10 V 
2.5 Vat V D D = 15 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tenta- 
tive Standard No. 13 A, "Standard 
Specifications for Description of 'B' Series 
CMOS Devices" 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (For T^ = Full Package-Temperature 
Range) 

3 

18 

V 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 
Values at —55, +25, +1 25 Apply to D;F,H Packages 
Values at -40, +25, +85 Apply to E Package 


Vo 

(V) 

V|N 

(V) 

Vdd 

(V) 

. 

+25 


El 

wrm 

EH 


E 


Quiescent Device 
Current, 

IDD Max. 

- 


5 

BHS1 


| 

mm 

- 

m&m 

im 


- 

Ena 

TO 


wm 


wm 

- 

0.01 

0.5 

- 

liSJ 

TO 


i 

9 

Km 

- 


1 

- 


E| 

mm 

5 

MSB 

HQ 

- 

E 

5 

Output Low 
(Sink) Current 
Iql Min. 

0.4 

EH 

5 

EH 

EHI 


lj] 



- 


0.5 


TOI 

EH 

TOI 

MEM 


KOI 


- 

1.5 

EDI 

mm 

mm 

4 

SI 

m 

KOI 

6.8 

- 

Output High 
(Source) 

Current, 

Iqh Min. 

4.6 

El 

B 

BUB 



E 

BEI 

-1 

- 

2.5 

El 

5 

-2 

HEI 

BQ 

EE 

HQ 

Bi 

- 

9.5 

mu 

TO 

ra 

HQ 

BQ 

ESI 

HQ 

mmm 

- 

13.5 


TO 

e m 

-4 

-2.8 

-2.4 

-3.4 

—6.8 

- 

Output Voltage: 
Low-Level, 

VOL Max. 

- 


5 

0.05 

- 

0 

E3 


- 

EM 

TO 

0.05 

- 

0 

eh 

- 

tun 

TO 

0.05 

- 

0 

Es3 

Output Voltage: 

High-Level, 

VOH Min. 

- 


B 

4.95 


5 

_ 

- 

EE 

TO 

9.95 


bee 

- 

- 

Era 

TO 

14.95 

fEO 

B 

- 

Input Low 
Voltage. 

V|L Max. 


- 

5 

1.5 

— 

- 

na 

V 

1,9 

- 

10 

3 

- 

- 

mm 


MSI 

TO 

4 

- 

- 

4 

Input High 
Voltage, 

V|H Min. 

4.5 

- 

* 

3.5 

3.5 

- 

- 

9 

- 

i mm 

7 

7 

— 

— 


■ 

IB 

11 

mm 

ESI 

B 


■ 





BB 




V DD 



V S S 


92CS-27685 

CD4071 B 

FUNCTIONAL DIAGRAM 



v ss 

92 CS- 27686 


CD4072B 

FUNCTIONAL DIAGRAM 



v ss 

92CS-27687 


CD4075B 

FUNCTIONAL DIAGRAM 


± 0.1 






















CD4071B, CD4072B, CD4075B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, IV DD ) 

(Voltages referenced to Vgs Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D,F) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D,F) . . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D, F, H -55 to +1 25°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1 /32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25° C, Input t r , t f = 20 ns, 
and C L = 50 pF, R L = 200 kft 



* ALL INPUTS ARE PROTECTED 
BY C0S/M0S PROTECTION 
NETWORK 


Fig. 3 — Schematic diagram for CD4071B (1 of 4 identical gates). 



2 (5,9,12) O £>o 1 


92CS-29I39 

Fig. 5 — Logic diagram for CD4071B (1 of 4 identical gates). 



Fig. 1 — Typical voltage transfer 


characteristics. 



Fig. 2 — Typical propagation delay time 


as a function of load capacitance. 



Fig. 4 — Typical output low (sink) current 
characteristics. 



5 10 15 

DRAIN-TO- SOURCE VOLTAGE (Vds>— V 


Fig. 6 — Minimum output low (sink) current 
charac ten's tics. 
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CD4071B, CD4072B, CD4075B Types 




Dimensions and pad layout for CD4072B. Dimensions and pad layout for CD4075B. 
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CD4073B, CD4081B, CD4082B Types 


COS/MOS AND Gates 

High-Voltage Types (20-Volt Rating) 

CD4073B Triple 3-Input AND Gate 
CD4081B Quad 2-Input AND Gate 
CD4082B Dual 4-Input AND Gate 

The RCA-CD4073B, CD4081B and CD- 
4082B AND gates provide the system de- 
signer with direct implementation of the 
AND function and supplement the existing 
family of COS/MOS gates. 

The CD4073B, CD4081 B and CD4082B 
types are supplied in 14-lead dual-in- 
line ceramic packages (D and F suffixes), 
14-lead dual-in-line plastic packages (E 
suffix), 14-lead ceramic flat packages (K 
suffix), and in chip form (H suffix). 


Features: 

■ Medium-Speed Operation — tpj_|_| , 

tpHL = 60 ns (typ.) at Vqq = 1 0 V 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 jliA at 18 V over 

full package-temperature range; 100 nA at 
18 V and 25°C 

■ Noise margin (full package-temperature 

range) = 

1 Vat V DD = 5 V 

2 VatV DD = 10 V 
2.5 Vat V D D = 15V 

■ Standardized, symmetrical output 

characteristics 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgs Terminal) —0.5 to +20 V 


INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT. ANYONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 1 2 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D.F) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D. F) . . . Derate Linearly at 1 2 mW/°C to 200 mW 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D, F, H -55 to +1 25°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65 to +1 50°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch (1 .59 ± 0.79 mm) from case for 10s max +265°C 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability , nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (For T A = Full Package 
Temperature Range) 

CO 

18 

V 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A =25°C, Input t r ,t f =20 ns, 
and C|_=50 pF, R|_=200 kf2 


CHARACTERISTIC 

TEST CONDITIONS 

ALL TYPES 
LIMITS 

UNITS 


V DD 

Volts 

TYP. 

MAX. 

Propagation Delay Time, 
t PHL' tPLH 


5 

10 

15 

125 

60 

45 

250 

120 

90 

ns 

Transition Time, 

X THU t TLH 


5 

10 

15 

100 

50 

40 

200 

100 

80 

ns 

Input Capacitance, C||\| 

Any Input 

- 

5 

7.5 

pF 



97CS- 2 75B3 


CD4081B 

FUNCTIONAL DIAGRAM 



92CS- 27570 


CD40826 

FUNCTIONAL DIAGRAM 


V DD 



V SS 

92CS-2757I 

CD4073B 

FUNCTIONAL DIAGRAM 
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CD4073B, CD4081B, CD4082B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D,F,H Packages 
Values at —40, +25, +85 Apply to E Package 

UNITS 

vo 

(V) 

V|N 

(V) 

VDD 

(V) 


+25 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, 

IqD Max. 

- 

0,5 

5 

0.25 

0.25 

7.5 

7.5 


0.01 

0.25 

pA 

- 

0,10 

10 

0.5 

0.5 

15 

15 

- 

0.01 

0.5 

- 

0,15 

15 

1 

1 

30 

30 

- 

0.01 

1 

- 

0,20 

20 

5 

5 

150 

150 

- 

0.02 

5 

Output Low 
(Sink) Current 
Iql Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

34 

6.8 

- 

Output High 
(Source) 

Current, 

Iqh Min - 

4.6 

0,5 

5 

- 0.64 

- 0.61 

- 0.42 

- 0.36 

- 0.51 

-1 

- 

2.5 

0,5 

5 

-2 

- 1.8 

- 1.3 

- 1.15 

- 1.6 

- 3.2 

- 

9.5 

0,10 

10 

- 1.6 

- 1.5 

- 1.1 

- 0.9 

- 1.3 

- 2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

- 2.8 

- 2.4 

- 3.4 

- 6.8 

- 

Output Voltage: 
Low-Level, 

Vol Max. 

- 

0,5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage: 
High-Level, 

VoH Min. 

- 

0.5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage, 

V|L Max. 

0.5 

- 

5 

1.5 

— 

- 

1.5 

V 

1 

- 

10 

3 

- 

— 

3 

1.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V|H Min. 

0 . 5 . 4.5 

- 

5 

3.5 

3.5 

- 

- 

1.9 

- 

10 

7 

7 

- 

- 

1 . 5 , 13.5 

- 

15 

11 

11 

- 

- 

Input Current 
l|N Max. 


0,18 

18 

± 0.1 

± 0.1 

±1 

±1 

- 

± 10-5 

± 0.1 

JUA 


V D0 



Fig. 1 - Schematic diagram for CD4081B (1 of 4 identical gates). 



92CS- 29265 


Fig. 2 - Logic diagram for CD4081B (1 of 4 identical gates). 



Fig. 3 — Typical voltage transfer characteristics. 



Fig. 4 — Typical propagation delay time 
as a function of load capacitance. 



Fig. 5 — Typical output low (sink) 
current characteristics. 



Fig. 6 — Minimum output low (sink) 
current characteristics. 
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CD4073B, CD4081B, CD4082BTypes 



DR AIN- TO- SOURCE VOLTAGE (V DS )— 


[AMBIENT TEMPERATURE (T/*)*25 


Fig. 7 — Schematic diagram for CD4082B (1 of 2 identical gates). 



Fig. 9 — Logic diagram for CD4082B (1 of 2 identical gates). 



*ALL INPUTS ARE PROTECTED BY 
COS/MOS PROTECTION NETWORK 


Fig. 11— Schematic diagram for CD4073B (1 of 3 identical gates). 



GATE-TO-SOURCE VOLTAGE (V GS ) 


Fig. 8 — Typical output high ( source ) 
current characteristics. 

DRAIN-TO-SOURCE VOLTAGE (Vqs)— V 


)-j GATE -TO - SOURCE VOLTAGE (V^)- -5 v] 



Fig. 13 — Logic diagram for CD4073B (1 of 3 identical gates). 


INPUT FREQUENCY (fj)— kHz 

Fig. 14— Typical dynamic power dissi 
pation per gate as a function 
of frequency. 




CD4073B , CD4081B, CD4082B Types 



0 tO 20 30 40 50 60 


92CS- 2740IRI 

Fig. 15 — Quiescent device current test circuit. 


Vss 


INPUTS 



i 

vss 


MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V DD ANDV SS - 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vnn OR Vcc- 


Fig. 16 — input current test circuit. 



f NOTE- 

Vcc TEST ANY COMBINATION 

OF INPUTS 

92CS-2744IRI 

Fig. 17 — Input-voltage test circuit. 

TERMINAL ASSIGNMENTS 

A 1 1 • ° wl V DD 




TOP VIEW 

92CS - 24 537R I 

CD4082B 



TOP VIEW 

92CS-24538 

CD4073B 



Dimensions and pad layout 
for CD4081B. 


Dimensions and pad layout 
for CD4082B. 


The photographs and dimensions 
of each COS /M OS chip represent 
a chip when it is part of the wafer. 
When the wafer is cut into chips , 
the cleavage angles are 57° instead 
of 90P with respect to the face of 
the chip. Therefore, the isolated 
chip is actually 7 mils (0. 17 mm) 
larger in both dimensions. 

Dimensions in parentheses are in 
millimeters and are derived from 
the basic inch dimensions as in- 
dicated. Grid graduations are in 
mils (10~ 3 inch). 


Dimensions and pad layout 
for CD4073B. 


K) 20 30 40 50 


92CS-29274 
60 65 



57-65 

(1.446-1.651) 



L— 4-10 
1 (0 102-0 2 


59 - 67 
(I 449- 1.701) 
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CD4076B Types 


COS/MOS 4-Bit 
D-Type Registers 

High-Voltage Types (20-Volt Rating) 

The CD4076B types are four-bit registers 
consisting of D-type flip-flops that feature 
three-state outputs. Data Disable inputs are 
provided to control the entry of data into 
the flip-flops. When both Data Disable in- 
puts are low, data at the D inputs are loaded 
into their respective flip-flops on the next 
positive transition of the clock input. Out- 
put Disable inputs are also provided. When 
the Output Disable inputs are both low, the 
normal logic states of the four outputs are 
available to the load. The outputs are disa- 
bled independently of the clock by a high 
logic level at either Output Disable input, 
and present a high impedance. 

The CD4076B types are supplied in 1 6-lead 
ceramic dual-in-line packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
ages ( E suffix), 1 6-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


Features: 

■ Three-state outputs 

■ Input disabled without gating the clock 

■ Gated output control lines for 

enabling or disabling the outputs 

■ Standardized, symmetrical output 

characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 juA at 18 V over 

full package temperature range; 100 nA at 
18 V and 25°C 

■ Noise margin over full package temperature 

range: 

1 Vat VpD = 5 V 

2 Vat V DD = 10 V 
2.5 Vat Vdd= 15 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of 'B' Series CMOS Devices" 




FUNCTIONAL DIAGRAM 



TERMINAL ASSIGNMENT 


Fig. 1 — Typical output low (sink) 
current characteristics. 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

V DD 

LIMITS 

UNITS 


(V) 

Min. 

Max. 


Supply-Voltage Range (For T A =Full Package- 



18 

V 

Temperature Range) 


3 


5 


- 


Data Setup Time, t$ 

10 

80 

- 

ns 

15 

60 

- 



5 


- 

■■ 

Clock Pulse Width, tyy 

10 

Hi 

- 

■ 

15 

80 

- 



5 


3 


Clock Input Frequency, f 

10 

dc 

6 

MHz 


15 


8 



5 

- 

15 


Clock Input Rise or Fall Time, t r CL,tfCL 

10 

- 

5 

/LiS 


15 

- 

5 



5 

120 

- 


Reset Pulse Width, tyy 

10 

50 

- 

ns 

15 

40 

- 



5 

180 

- 


Data Input Disable Setup Time, t 0 

10 

100 

- 

ns 


15 

70 

- 



< 

E 

? 15 

: 








TE 





*/ 

ATURE (TaI-25 

•c 

u§ 

z 12.5 















G 


TE-1 



SC 


JR< 

E VOLTAGE (V S sM5 V-ffff- 

cc 

0 c 

3 io 

1 75 
* 
o 

-> 5 

3 

CL. 

i“ 

; 








:s 

1 

\ 

V 

1 

\ 


■ 




10 V 





1 

IIIl 


0 5 K) IS 

DRAIN-TO-SOURCE VOLTAGE (Vos)— V 


Fig. 2 — Minimum output low (sink) 
current characteristics. 

DRAIN-TO-SOURCE VOLTAGE (V DS )—V 



Fig. 3 — Typical output high (source) 
current characteristics. 
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CD4076B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE. ( V DD ) 

(Voltages referenced to V S g Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT. ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pp> 

For T a = -40 to +60°C (PACKAGE TYPE E) 500 mW 


DR AIN- TO -SOURCE VOLTAGE (V 0 S>-V 


+60 to +85 C (PACKAGE TYPE E) 


For T a = -55 to +100 C (PACKAGE TYPES D. F) 

For T A = +100 to +125°C (PACKAGE TYPES D. F) . Derate Line; 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 
OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D, F, H 

PACKAGE TYPE E 

STORAGE TEMPERATURE RANGE <T $t ) 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max. 


-55 to +125 C 
-40 to +85°C 
-65 to +1 50°C 


AMBIENT TEMPERATURE (T A ) 

Itll H tt H H itiiii n wm+f 

GATE -TO -SOURCE VOLTAGE (V GS ) 


Derate Linearly at 12 mW / C to 200 mW 

500 mW 

Derate Linearly at 12 mW/°C to 200 mW 







Fig.4 — Minimum output high (source) 
current characteristics. 




1 , . 

c 

AMBIENT TEMPERATURE (T A )* 



-r\ / \ 

x 500 


' S 

u 


a 

X 

-r -- 






0 20 40 GO 80 100 120 140 

LOAD CAPACITANCE (C L J— pF 

92CS-27II 5 

Fig. 6 — Typical propagation delay time 
vs. load capacitance (clock to Q). 


OUTPUT DISABLE - 
* PLZ 



CHAR TEST 

VOLT. 

AT D 

AT Q 

*PHZ V DD 

Vss 

* PLZ Vss 

V0D 

t PZL Vss 

VDD 

* PZH V DD 

vss 


92CS-29299 

(b) 


Fig. 5 — Functional waveforms for CD4076B. 



Data Input 
Disable 

Clock G1 G2 


State 

Data Output 


20 40 60 80 100 

LOAD CAPACITANCE (C L )-pF 


Fig. 7 — Typical transition time vs. 
load capacitance. 


data ( g '(2> L- 

INPUT _ r - 
DISABLE IgZHOV* 


When either Output Disable M or N is high, the outputs are 
disabled (high impedance state), however sequential operation 
of the flip flops is not affected. 

1 5 High Level X = Don't Care 

0 = Low Level NC = No Change 



Fig. 8 — CD4076B logic diagram. 
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CD4076B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, Input t r ,tf = 20 ns. 
Cl = 50 pF, Rl = 200 k£2 (Unless otherwise noted) 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 


V DD 

V 

Min. 

Typ. 

Max. 

Propagation Delay Time: 


5 

- 

300 

600 


Clock to Q Output, tp|_|[_, tpLH 


10 


125 

250 




15 


90 

180 




5 


230 

460 


Reset> W 


10 


100 

200 




15 

- 

75 

150 




5 


150 

300 

ns 

3-State Output 1 or 0 to High 

Rj_ = 1 kH 

10 


75 

150 


Impedance, tp|_|z, tpLZ 


15 


60 

120 




5 


150 

300 


3-State High Impedance to 1 

r l = i kn 

10 


75 

150 


or 0 Output, tpzH< tpzi 


15 


60 

120 




5 


100 

200 


Transition Time, ^THL- l TLH 


10 


50 

100 

ns 



15 


40 

80 




5 

3 

6 

- 


Maximum Clock Input Fiequency. f qj_ 


10 

6 

12 

- 

MHz 



15 

8 

16 





5 


100 

200 


Minimum Clock Pulse Width, tyy 


10 

- 

50 

100 

ns 



15 

- 

40 

80 


Maximum Clock Input Rise 


5 

15 

_ 

_ 


or Fall Time, 


10 

5 

- 

- 

PS 

Vcl- tfcl 


15 

5 

_ 





5 

- 

60 

120 


Minimum Reset Pulse With, tyy 


10 


25 

50 

ns 



15 

- 

20 

40 




5 

- 

100 

200 


Minimum Data Setup Time, tg 


10 

- 

40 

80 

ns 



15 

- 

30 

60 


Minimum Data Input Disable 


5 

- 

90 

180 


Setup Time, tg 


10 

- 

50 

100 

ns 



15 

- 

35 

70 


Input Capacitance, C|[\] 

Any Input 

- 

- 

5 

7.5 

pF 





NOTE 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH V 00 ANOV SS 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
VOO 0 *^ 


Fig. 11 — Quiescent device current test circuit. Fig. 12 — Input voltage test circuit 


Fig. 13 — Input current test circuit. 
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CHARACTER- 

CONDITIONS 

ISTIC 

Vo v iN Vqd 
(V) (V) (V) 



Quiescent Device 
Current, 

IqD Max- 


Output Low 
(Sink) Current 


Output High 
(Source) 
Current, 


Output Voltage 
Low-Level, 
Vql Max. 


Output Voltage 
High-Level, 
Vqh Min. 


Fig.9 — Typical maximum clock input 
frequency vs. supply voltage. 







3-State Output 


Leakage Current 
'OUT Max - 

0,18 



±1 - ±10~ 5 ±0.1 pA 

±0.4 I ±12 ±12 - ±10~ 4 ±0.4 pA 


INPUT FREQUENCY (» >— kHz 

92CS-27IH 

Fig. 10 - Typical dynamic power dissipation 
vs. frequency. 
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Dimensions and pad layout for CD4076BH 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils ( 10~ ^ inch). 

The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips > the cleavage 
angles are 57° instead of 90° with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0. 1 7 mm) larger in both dimensions. 





















CD4078B Types 


COS/MOS 8-Input 
NOR/OR Gate 

High-Voltage Types (20-Volt Rating) 

The RCA-CD4078B NOR/OR Gate provides 
the system designer with direct implementa- 
tion of the positive-logic 8-input NOR and 
OR functions and supplements the existing 
family of COS/MOS gates. 

The CD4078B types are supplied in 14-lead 
dual-in-line ceramic packages (D and F suf- 
fixes), 14-lead dual-in-line plastic packages 
(E suffix), 14-lead ceramic flat packages (K 
suffix), and in chip form (H suffix). 


Features: 

■ Medium-Speed Operation: 

tpHU tp|_H = 75 ns (typ.) at VpD = 10 V 

■ Buffered inputs and output 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Standardized symmetrical output characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 /liA at 18 V 
over full package-temperature range: 

100 nAat 18 V and 25°C 

■ Noise margin (over full package-temperature 

range): 1 V at Vqd = 5 V 

2 V at Vqd = 10 V 2.5 V at V D q = 15 V 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of 'B' Series CMOS Devices" 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to V§s Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 1 2 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D,F) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D, F) . . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D, F, H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 


STORAGE TEMPERATURE RANGE (T stg ) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch (1 .59 ± 0.79 mm) from case for 10s max +265°C 


RECOMMENDED 
OPERATING CONDITIONS 
For maximum reliability, nominal operating 
conditions should be selected so that operation 
is always within the following ranges: 


CHARACTERISTIC 

Min. 

Max. 

Units 

Supply-Voltage Range 
(For T a •- Full Package 
Temperature Range) 

3 

18 

V 




DRAIN-T0-S0URCE VOLTAGE <Vds> — V 


Fig. 2 — Typical output low (sink) current 
characteristics. 



DRAIN-T0- SOURCE VOLTAGE (V D S> — V 


DYNAMIC ELECTRICAL CHARACTERISTICS 

At T^= 25° C; Input t r , tf= 20 ns, Cj_ = 50 pF, R ^ = 200kil 


PHAR APTFRIQTIP 

TEST CONDITIONS 

ALL TYPES 

LIMITS 

UNITS 


V DD 

VOLTS 

TYP. 

MAX. 


Propagation Delay Time, 

5 

150 

300 


tpHL. tPLH 

10 

75 

150 

ns 


15 

55 

110 



5 

100 

200 


Transition Time, 

10 

50 

100 

ns 

tTHL. tTLH 

15 

40 

80 


Input Capacitance, C||yj 

Any Input 

5 

7.5 

pF 


Fig. 3 — Minimum output low (sink) 
current characteristics. 



Fig. 4 — Typical output high (source) current 
characteristics. 
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CD4078B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 


Quiescent Device 
Current, 

IqD Max. 


Output Low 
(Sink) Current 
|QL Min. 

Output H igh 
(Source) 
Current, 

Iqh Min. 

Output Voltage: 
Lcw-Level, 
VoL Max. 

Output Voltage: 
High-Level, 

Vqh Min - 

Input Low 
Voltage, 

V|i_ Max. 

Input High 
Voltage, 

V|H Min. 

Input Current 


CONDITIONS 

Vo V| N V DD 
(V) (V) (V) 

0,5 5 

~ o,io io~~ 

~ 0,15 15 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F,H Packages 
Values at -40, +25, +85 Apply to E Package 
1 +25 

-55 I -40 I +85 I +125 Min. I Typ. I Max. 


0.4 

0.5 

5 

0.64 

0.61 

0.42 

0.36 

0 51 

1 


0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 


1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3 4 

6.8 


4.6 

0,5 

5 

-0.64 

-0.61 

-0 42 

-0.36 

-0.51 

- 1 


2.5 

0.5 

5 

-2 

-1.8 

-1.3 

-115 

-1.6 

-3.2 


9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 


13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2 4 

-3.4 

-6.8 



- 

0,5 

5 

0.05 


0 

0.05 

- 

0,10 

10 

0.05 


0 

0 05 

- 

0,15 

15 

0.05 


0 

0.05 

- 

0.5 

5 

4.95 

4.95 

5 


- 

0,10 

10 

9.95 

9.95 

10 


- 

0,15 

15 

14.95 

14.95 

15 


0.5,4. 5 

- 

5 

1.5 

— 

- 

1.5 

1,9 

- 

10 

3 

- 

- 

3 

1.5,13.5 

- 

15 

4 

- 

- 

4 

0.5,4. 5 

- 

5 

3.5 

3.5 

- 

- 

1,9 

- 

10 

7 

7 

- 

- 

1.5,13.5 

- 

15 

1 1 

11 

- 

- 


n i q 

1 Q 

i 1 -fn i 1 -M 1 +i 



+n i 


DRAIN -TO -SOURCE VOLTAGE (VqS>— V 

H5 -10 -5 

AMBIENT TEMPERATURE (T A >* 25*C -j-j-j j j j | | 

::: jilii gate -to- source voltage (v gs ).- 5 v i: 

: : : 




Fig. 5 — Minimum output high (source) 
current characteristics. 



i i 


LOAD CAPACITANCE (C L ) — pF 

Fig. 6 — Typical transition time as a 
function of load capacitance. 




!■■■•■■■■ ■••■■■■■■•I 
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CD4078B Types 



Fig. 10 — Typical dynamic power dissipation 

as a function of frequency. Fig. 1 1 — Quiescent-device-current test circuit. Fig. 12 — Input current test circuit. 



Fig. 13 — Input-voltage test circuit. 


Fig. 14 — Dynamic power dissipation test circuit. 



m J-A+B+C+D+E+F+G+H 
A K-A+B+C+D+E+F+G+H 
NC* NO CONNECTION 

92CS-24S95R2 


TERMINAL ASSIGNMENT 



Dimensions and pad layout for CD4078BH. 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10~3 inch). 


The photographs and dimensions of e<~ ,i COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips . the cleavage 
angles are 57 instead of 90 with respect to the 
face of the chip. Therefore , the isolated chip is 
actually 7 mils (0. 1 7 mm) larger in both dimensions. 
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CD4085B Types 


COS/MOS Dual 2-Wide 
2-Input AND-OR-INVERT Gate 


High-Voltage Types (20-Volt Rating) 

The RCA-CD4085 contains a pair of AND- 
OR-INVERT gates, each consisting of two 
2-input AND gates driving a 3-input NOR 
gate. Individual inhibit controls are provided 
for both A-O-l gates. 

The CD4085B types are supplied in 14-lead 
dual-in-line ceramic packages (D and F 
suffixes), 14-lead dual-in-line plastic pack- 
ages ( E suffix), 1 4-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


Features: 

■ Medium-speed operation — tp^L = 90 ns; 
tpLH = 125 ns (typ.) at 10 V 

■ Individual inhibit controls 

■ Standardized symmetrical output characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 fiA at 18 V over full package- 
temperature range; 100 nA at 18 V and 25°C 

■ Noise margin (over full package- 

temperature range): I [ambTe 



A!-!— r 

0.-U. 

Cl 

di-H-L 






C2-S-T 

02^-i 

po— 

Vqo-14 

V S S*7 

E • INHIBIT + AB + CD 

LOGIC 1 1 HIGH 

LOGIC O* LOW 


92CS-23890R2 

FUNCTIONAL DIAGRAM 


IENT TEMPERATURE IT A >»25^ 4444+- 
111 1 | T T T I TT I I n rVrn tttH 14 
ft . + SUPPLY VOLTAGE (VoO>*'3V.- 


2.5 Vat V DD = 15 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 



MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) . 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D,F) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D, F) . . . Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, H -55 to +125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1 /32 inch (1 .59 ± 0.79 mm) from case for 1 0 s max +265°C 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

Supply-Vohage Range (For T A =Full Package- 
Temperature Range) 


j LIMITS | 

Min. 

Max. 

3 

18 


i 10 19 nci-tinic 

INPUT VOLTAGE (Vj)— V 


Fig. 1 — Typical voltage and current 
transfer characteristics. 


i79 [ambient TEMPERATURE (T a )»25*C | 




17.5 20 22.5 

INPUT VOLTAGE ( Vj ) — V '92CS-MJ24 


Fig. 2 — Min. and max. voltage transfer 
characteristics. 


10 s I AMBIENT TEMPERATURE <T A )« 25*C 


El * INHI + AIBI + CIDI 
E2«INH2+A2B2*C2D2 



12 [—Cl 
II — INHIBIT 2 
10 — INHIBIT I 


Terminal Assignment 


10"' io u 10 1 10* 10* 10’ 

FREQUENCY (»)— kHl 

92CS-24323 


Fig. 3 — Typical power dissipation vs. frequency. 
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CD4085B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 
Values at - 55 ,+ 25,+125 Apply to D, F,H Pkgs. 
Values at — 40 ,+ 25,+85 Apply to E Pkgs. 

UNITS 

Vo 

(V) 

V|N 

(V) 

V DD 

(V) 

-55 

-40 

+85 

+125 

+25 

Min. 

Typ. 

Max. 

Quiescent 

Device 

Current 

1 DD Max - 

- 

0,5 

5 

1 

1 

30 

30 

- 

0.02 

1 

pA 

- 

0,10 

10 

2 

2 

60 

60 

- 

0.02 

2 

- 

0,15 

15 

4 

4 

120 

120 

- 

0.02 

4 

- 

0,20 

20 

20 

20 

600 

600 

- 

0.04 

20 

Output Low 
(Sink) 
Current, 

IqL Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 


mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

Output High 
(Source) 
Current, 

•oh Min - 

4.6 

0,5 

5 

- 0.64 

- 0.61 

- 0.42 

- 0.36 

- 0.51 

-1 

_ 

2.5 

0,5 

5 

-2 

- 1.8 

- 1.3 

- 1.15 

- 1.6 

- 3.2 

- 

9.5 

0,10 

10 

- 1.6 

- 1.5 

- 1.1 

- 0.9 

- 1.3 

- 2.6 

- 

13.5 

0,15 

15 

- 4.2 

-4 

- 2.8 

- 2.4 

- 3.4 

- 6.8 

- 

Output Volt- 
age: 

Low-Level, 
Vql Max. 

_ 

0,5 

5 

0.05 



0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

o 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Volt- 
age: 

High-Level, 
Vqh Min. 


0,5 

5 

4.95 

4.95 

5 


- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage, 

V 1 1 _ Max. 

0 . 5 , 4. 5 


5 

1.5 

_ 

_ 

1.5 

V 

1,9 

_ 

10 

3 

- 

— 

3 

1 . 5 , 13.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V|h Min. 

0 . 5 , 4. 5 

- 

5 

3.5 

3.5 

_ 

_ 

1,9 

- 

10 

7 

7 

_ 

_ 

1 . 5 , 13.5 

- 

15 

11 

11 

- 

- 

Input 

Current, 
l|N Max. 

- 

0,18 

18 

± 0.1 

±0.1 



±1 

±1 

- 

± 10~ 5 

±0.1 

ma 



Fig. 4 — Typical data high-to-low level propagation 
delay time vs. load capacitance. 



Fig. 5 — Typical data low-to-high level propagation 
delay time vs. toad capacitance. 



Fig. 6 — Typical data propagation delay time vs. 
supply voltage. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C; Input t r , tf = 20 ns, 
C L = 50 pF, R L = 200 K n 

| CONDITIONS I LIMITS I 


CHARACTERISTIC 

V DD 

V 

Typ. 

Max. 

UNITS 


5 

E 


High-to-Low Level, tDui 

10 

BUS 

ns 

3 ' rHL 

15 

MMWEM 



5 

jcTTTM 

620 


Low-to-High Level, tpLH 

10 

1IEM 

250 

ns 


15 

90 

180 



Propagation Delay Time (Inhibit): 
High-to-Low Level, ^HL 


Low-to-High Level, 


Input Capacitance, 


15 


5 


10 


15 


Any Input 



300 


60 120 


40 80 


500 

200 ns 
70 | 140 


100 200 

50 100 ns 


CD4085B Types 


I AMBIENT TEMPERATURE (Ta)"23*C[4 


4GATE-T0-S0URCE VOLTAGE (V GS H5 V 



DRAIN -TO- SOURCE VOLTAGE (V D s)-V 

Fig. 7 — Typical output low (sink) 
current characteristics. 



DRAIN -TO- SOURCE VOLTAGE (Vds>— V 
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pus: 
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Fig. 8 — Minimum output low (sink) 
current characteristics. 
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CD4086B Types 


COS/MOS Expandable 4-Wide 
2-Input AND-OR-INVERT Gate 

High-Voltage Types (20-Volt Rating) 


The RCA-CD4086B contains one 4-wide 
2-input AND -OR-INVERT gate with an 
INHIBIT/EXP input and an ENABLE/ 
EXP inp ut. F or a 4-wide A-O-l function 
INHIBIT/EXP is tied to V ss and ENABLE/ 
EXP to Vq 0 . See Fig .10 and its associated 
explanation for applications where a cap- 
ability greater than 4-wide is required. 

The CD4086B is supplied in 14-lead dual-in- 
line ceramic packages (D and F suffixes), 
14-lead dual-in-line plastic packages (E suf- 
fix), 14-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 


Features: 

■ Medium-speed operation — tpuL = 90 ns; 

tpLH = 140 ns (typ.) at 10 V 

■ INHIBIT and ENABLE inputs 

■ Buffered outputs 

■ 100% tested for quiescent current at 20 V 

■ Maximum input leakage current of 18 V 

over full package-temperature range; 

100 n A at 18 V and 25°C 

■ Noise margin (over full package 

termperature range): 

1 V at Vqd = 5V 

2 Vat V D D=10 V 
2.5 Vat V D D = 15 V 

■ Standardized, symmetrical output 

characteristics 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices” 



A 

l» A - 

J 14 

— v DD 

B - — 

2 

13 

D 

J*INH+ENABLE+ 

AB+CD+EF+GH 

3 

12 

C 

NC 

E 

4 II 

5 10 1 

ENABLE/EXP 

INHIBIT/EXP 

F 

6 

9 

H 

v ss — 

Lz — 

G 


92CS - 23869RI 

Top View 

TERMINAL ASSIGNMENT 


MAXIMUM RATI NGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A - -40 to +60°C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T A - —55 to +100°C (PACKAGE TYPES D,F) 500 mW 

For Ta = +100 to +125°C (PACKAGE TYPES D, F) . . . Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, H . . . -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 



Fig. 1 — I Typical voltage and current transfer 
characteristics. 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (ForT^ = Full Package- 
Temperature Range) 

3 

18 

V 



characteristics. 
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CD4086B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 
Values at —55 ,+25 ,+125 Apply to D, F,H Pkgs. 
Values at — 40,+25,+85 Apply to E Pkgs. 

UNITS 

Vo 

(V) 

mt 

m 

EBBI 

sill 

-55 

B 



+25 


Typ. 

Max. 

Quiescent 

Device 

Current 
l DD Max. 

- 

Bill 

n 

1 

wm 


MM 

- 

0.02 

1 


- 

OH 

■Hi 

2 

2 



m 

■SISEB 

2 

- 

OH 


4 

4 

El 



R 

4 

- 

be a 


20 


600 

600 

rr 



Output Low 
(Sink) 
Current, 

IqL Min. 

m 

0,5 

5 

0.64 





1 




Ena 

■m 

1.6 

1 

fcil 


MEM 

RIM 

- 

1.5 

ism 

mm 

4.2 


mm 

mm 

3.4 

6.8 

- 

Output High 
(Source) 
Current, 

•oh Min - 

4.6 

EEfl 


RISE] 


eratH i 


BtHl 

-1 

- 

2.5 

iH 

s 



EH 

BIH 

BO 

-3.2 

- 

9.5 

K3EI 

mm 


EK3 


R 

BO 

RE23 

- 

13.5 

0,15 

15 


-4 


Bl 

BO 


- 

Output Volt- 
age: 

Low- Level, 
Vql Max. 


0,5 

5 

0.05 

_ 




- 

0,10 

10 

0.05 

- 

0 

ISISEB 

- 

0,15 

15 

0.05 

- 

0 

mu 

Output Volt- 
age: 

High-Level, 
Vqh Min. 



H 

4.95 




- 

EiEI 

mm 

9.95 


10 

- 

- 

EJQ1 

mm 

14.95 

14.95 

15 

- 

Input Low 
Voltage, 

V| L Max. 

0.5,4. 5 

- 

5 

1.5 

_ 

_ 

nm 

V 

1.9 

- 

ms 


R 

R 

mm 


- 

■a 

4 

- 

- 

4 

Input High 
Voltage, 

V|j_| Min. 


— 

5 

3.5 

iEEM 

_ 

_ 

1,9 


mm 

7 

7 

_ 

_ 



15 



- 

- 



0,18 

18 





B 

±10~ 5 





DRAIN- TO- SOURCE VOLTAGE (VDS>— V 

92CS-2«SI»AI 

Fig. 4 — Minimum output low (sink) 
current characteristics. 

DRAIN- TO- SOURCE VOLTAGE (V DS )-V 



Fig. 5 — Typical output high ( source ) 
current characteristics. 



92CS-2432? 



FREQUENCY (f )— kHz 

92CS-24323 


Fig.6 — Typical transition time vs. load capacitance. 


Fig.7 — Typical power dissipation vs. frequency. 


DR AIN -TO -SOURCE VOLTAGE (V DS )-V 



Fig.8 - Minimum output high ( source ) 
current characteristics. 
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CD4086B Types 




Fig. 11 — Typical DATA or ENABLE high-to-low 
level propagation delay time vs. load 
capacitance. 



Fig. 12— Typical DATA or ENABLE low-to-high 
level propagation delay time vs. load 
capacitance. 


Fig. 9 - CD4086B schematic diagram. 




Fig. 13 — Typical DATA or ENABLE propagation 
delay time vs. supply voltage. 


Fig. 10 above shows two CD4086's utilized 
to obtain an 8-wide 2-input A-O-l function. 
The output (J1) of one CD4086 is fed di- 
rectly to the ENABLE/EXP2 line of the 
second CD4086. In a similar fashion, any 


NAND gate output can be fed directly into 
the ENABLE/EXP input to obtain a 5-wide 
A-O-l function. In addition, any AND gate 
output can be fed directly into the IN- 
HIBIT/EXP input with the same result. 
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CD4086B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 

At T £ = 25° C; Input t r , tf= 20ns, Cf_ = 50 pF, R[_ = 200 k£l 



TEST CIRCUITS 



Fig. 14 — Quiescent device current. 



T note. 

T TEST ANY ONE INPUT, 

Vcc WITH OTHER INPUTS AT 

VdqORVss 

92CS- 27400RI 


Fig. 15 — Input voltage. 



V2C3-24602 

Dimensions in parentheses are in millimeters and are The photographs and dimensions of each COS/MOS 

derived from the basic inch dimensions as indicated. chip represent a chip when it is part of the wafer. 

Grid graduations are in mils (10~3 inch). When the wafer is cut into chips, the cleavage 

angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0. 1 7 mm) larger in both dimensions. 



Fig. 16— Input leakage current. 


Dimensions and Pad Layout for the CD4086BH 
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CD4089B Types 


COS/MOS 

Binary Rate Multiplier 

High-Voltage Types (20-Volt Rating) 

The RCA-CD4089B is a low-power 4-bit digital 
rate multiplier that provides an output pulse 
rate that is the clock-input-pulse rate multi- 
plied by 1/16 times the binary input. For 
example, when the binary input number is 
13, there will be 13 output pulses for every 
16 input pulses. This device may be used in 
conjunction with an up/down counter and 
control logic used to perform arithmetic 
operations (adds, subtract, divide, raise to a 

power), solve algebraic and differential equa- 
tions, generate natural logarithms and trigo- 
metric functions, A/D and D/A conversions, 
and frequency division. 

For words of more than 4 bits, CD4089B 
devices may be cascaded in two different 
modes: an Add mode and a Multiply mode 
(see Figs. 14 and 15). In the Add mode some of 
the gaps left by the more significant unit at 
the count of 15 are filled in by the less 
significant units. For example, when two 
units are cascaded in the Add mode and 
programmed to 11 and 13, respectively, the 
more significant unit will have 11 output 
pulses for every 16 input pulses and the 
other unit will have 1 3 output pulses for every 
256 input pulses for a total of 

11 13 189 

16 256 256 

In the Multiply mode the fraction pro- 
grammed into the first rate multiplier is 
multiplied by the fraction programmed into 
the second multiplier. Thus the output rate 
will be 1_1_ 1J3 143 

16 16 256 


Features: 

■ Cascadable in multiples of 4-bits 

■ Set to "15" input and "15" detect output 

■ 100% tested for quiescent current at 20 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Standardized, symmetrical output characteristii 

■ Maximum input current of 1 /iA at 18 V over 
full package-temperature range; 100 nA at 
18 V and 25°C 

■ Noise margin (full package-temperature 
range) = 

1 Vat V DD = 5 V 

2 Vat V DD = 10V 
2.5 VatV DD = 15 V 

■ Meets all requirements of JEDEC 
Tentative Standard No. 13A, "Standard 
Specifications for Description of 'B' 

Series CMOS Devices" 

Applications: 

** Numerical control 

■ Instrumentation 

■ Digital filtering 

■ Frequency synthesis 


The CD4089B has an internal synchronous 
4-bit counter which, together with one of the 
four binary input bits, produces pulse trains 
as shown in Fig. 2. 

If more than one binary input bit is high, the 
resulting pulse train is a combination of the 
separate pulse trains as shown in Fig. 2. 

The CD4089B types are supplied in 16-lead 
ceramic dual-in-line packages (D and F suf- 
fixes), 16-lead dual-in-line plastic packages 
(E suffix), 16-lead ceramic flat packages (K 
suffix), and in chip form (H suffix). 


BINARY RATE 

CLOCK SELECT INPUTS „„„„ 


*1 

'A|B|C|Df| 10 CASCADE 

INHIBIT 
(CARRY) IN 



SET TO 

4-BIT 

* SELECT 6 , 

^ LOGIC - OUT 1 

4*" 

CLEAR 

13 

BINARY 

COUNTER 

RATE J 
OUTPUTS 



1 ► 15 Gul 

V DD * 16 
V SS *8 

7 L~ 

INHIBIT(CARRY)OUT 

92CS-25004RI 

FUNCTIONAL DIAGRAM 



O 5 10 15 

ORA IN -TO -SOURCE VOLTAGE <V D S>-V 

Fig. 1 — Typical output low (sink) current 
characteristics. 



0 5 IO 15 


DRAIN- TO- SOURCE VOLTAGE (Vqs) — V 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE. (V pD ) 

(Voltages referfenced to Vgg Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS 

DC INPUT CURRENT. ANY ONE INPUT 


POWER DISSIPATION PER PACKAGE (P p ): 

For T a = -40 to +60 C (PACKAGE TYPE E) . . 

For T a = +60 to +85°C (PACKAGE TYPE E) . . 

For T a = -55 to +100°C (PACKAGE TYPES D. F) 
For T a = +100 to +125°C (PACKAGE TYPES D, F) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


-0.5 to +20 V 

—0.5 to Vqq +0.5 V 

±10 mA 

500 mW 

Derate Linearly at 12 mW/°C to 200 mW 

500 mW 

Derate Linearly at 12 mW/°C to 200 mW 


FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D, F, H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T $t ) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max. 


+265 C 


Fig. 2 — Minimum output low (sink) current 


characteristics. 

DRAIN -TO- SOURCE VOLTAGE (V DS ) — V 



Fig. 3 — Typical output high (source) current 
characteristics. 
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CD4089B Types 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. For maximum 
reliability, nominal operating conditions should be selected so that operation is always within 
the following ranges: 





Fig. 5 — Minimum output high (source) current 
characteristics. 



LOAD CAPACITANCE (CjJ-pf 


•2CS- 291 94 

Fig. 6 — Typical propagation delay time as a 
function of load capacitance (Clock 
or Strobe to Out). 



Fig. 7 — Typical transition time as a function 
of load capacitance. 



INPUT FREQUENCY (f |N >— kHz 92CS . 29| , 

Fig. 8 — Typical dynamic power dissipation as a 


function of input frequency. 
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CD4089B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = : 
Input t r , t f = 20 ns, C L = 50 pF, R L = 200 k£2 

T TEST 

CHARACTERISTIC CONDITIONS 


Propagation Delay Time, tpj_| |_, tpi_n 
Clock to Out 


Clock or Strobe to Out 


Clock to Inhibit Out 

High Level to Low Level 


Low Level to High Level 


Clear to Out 


Clock to "9" or "15” Out 


Cascade to Out 


Inhibit In to Inhibit Out 


Transition Time, *THL' l TLH 

Maximum Clock Frequency, f q j_ 

Minimum Clock Pulse Width, tyy 

Clock Rise or Fall Time, t r c|_, tfd_ 

Minimum Set or Clear Pulse Width, tyy 

Minimum Inhibit-ln Setup Time, tgy 

Minimum Inhibit In 

Removal Time, tDciui 


Vnn 

| LIMITS 

v UD 

V 

Min. 

Typ. 

Max. 

5 

_ 

110 

220 

10 

- 

55 

110 

15 

- 

45 

90 

5 

- 

150 

300 

10 

- 

75 

150 

15 

- 

60 

120 

5 

- 

360 

720 

10 

- 

160 

320 

15 

- 

110 

220 

5 

- 

250 

500 

10 

- 

100 

200 

15 

- 

75 

150 

5 

- 

380 

760 

10 

- 

175 

350 

15 

- 

130 

260 

5 

- 

300 

600 

10 

- 

125 

250 

15 

- 

90 

180 

5 

- 

90 

180 

10 

- 

45 

90 

15 

- 

35 

70 

5 

- 

160 

320 

10 

- 

75 

150 

15 

- 

55 

110 

5 

- 

330 

660 

10 

- 

150 

300 

15 

- 

110 

220 

5 

_ 

100 

200 

10 

- 

50 

100 

15 

- 

40 

80 

5 

1.2 

2.4 

- 

10 

2.5 

5 

- 

15 

3.5 

7 

- 

5 

- 

165 

330 

10 

- 

85 

170 

15 

- 

50 

100 

5 

- 

- 

15 

10 

- 

- 

15 

15 

- 

- 

15 

5 

- 

80 

160 

10 

- 

45 

90 

15 

- 

30 

60 

5 

_ 

50 

100 

10 

- 

20 

40 

15 

- 

10 

20 

5 

- 

120 

240 

10 

- 

65 

130 

15 

- 

55 

110 



92CS- 29 157 

Fig. 9 — Dynamic power dissipation test circuit. 



Fig. 10 — Quiescent device current test circuit. 


Vss 



MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V DD AND Vg S ' 
CONNECT ALL UNUSEO 
INPUTS TO EITHER 


Fig. 11 — Input-current test circuit. 



NOTE: 

TEST ANY COMBINATION 
OF INPUTS 


Fig. 12 — Input-voltage test circuit. 



TOP VIEW 

TERMINAL ASSIGNMENT 
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CD4089B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C (cont'd) 
Input t r , tf = 20 ns. Cl = 50 pF, Rl = 200 k£2 


CHARACTERISTIC 

TEST 

CONDITIONS 

LIMITS 

UNITS 


V DD 

V 

Min. 

Typ. 

Max. 



5 

- 

75 

150 


Minimum Set Removal Time, R EM 


10 

- 

40 

80 

ns 



15 

- 

25 

50 




5 

- 

30 

60 


Minimum Clear Removal Time, tpgjyj 


10 

- 

20 

40 

ns 



15 

- 

15 

30 


Input Capacitance, Cj jvj 

Any Input 

- 

- 

5 

7.5 

pF 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 

Values at —55, +25, +125 Apply to D,F,H Packages 
Values at —40, +25, +85 Apply to E Package 

in 

N 

T 

S 

V 0 

(V) 

V|N 

(V) 

V DD 

(V) 

-55 

-40 

+85 

+125 

+25 

Min. 

Typ. 

Max. 

Quiescent 

Device 

Current, 

Iqd Max - 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

/uA 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 
(Sink) Current 
Iql m '"- 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

Output High 
(Source) 
Current, 

•oh Min - 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage: 
Low-Level, 
Vql Max. 

- 

0,5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output 

Voltage: 

High-Level, 

Vqh Min. 

- 

0.5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage 

V )L Max. 

0.5,4. 5 


5 

1.5 

- 

- 

1.5 

V 

1.9 


10 

3 

- 

- 

3 

1.5,13.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V | j_| Min. 

0.5,4. 5 

- 

5 

3.5 

3.5 

- 

- 

1,9 

- 

10 

7 

7 

- 

- 

1.5,13.5 

- 

15 

11 

11 

- 

- 

Input Current 

1 1 fsj Max. 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10“ 5 

±0.1 

ma 
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CD4089B Types 


TRUTH TABLE 

INPUTS 

Number of Pulses or 
Input Logic Level 

(0 = Low; 1 = High; X = Don't Care) 

d[c |b| a |clk| inh str CAS clr se 
IN 

0000 16 0 0 0 0 0 

0001 16 0 0 0 0 0 

0 0 1 0 16 0 0 0 0 0 

_0_0 1 16 0 0 0 0 0 

0100 16 0 0 0 0 0 


Number of Pulses or 
Output Logic Level 
(L = Low; H = High) 

OUT OUT INH "15" 
OUT OUT 



Fig. 13 — Two CD4089B's cascaded in the “Add” 
mode with a preset number 

(11 13 189 \ 

of 189 [ — + 

l 16 256 256 ) 


0 1 1 0 16 


1000 16 
1001 16 
1010 16 
1011 16 

T7 0" 0 16~ 
1101 16 
1110 16 


A 

l_ 

A 

B OUT 

— 0 — 

B „ OUT 

C DRM® OUT 

1 1 — 

C 0RM © OUT 

C INH OUT 

— | 

D INH OUT 

CLOCK 

| 

CLOCK 

CASC 

r~ 

CASC 

INH IN "15" 

f- 

INH IN "15" 

ST 



CLEAR S 

m 

clear s 


X X X X 16 1 

X X X X 16 0 

X X X X 16 0 

1 X X X 16 0 

0 X X X 16 0 

X X X X 16 0 


Fig. 14 - Two CD4089B's cascaded in the “ Multiply “ 
mode with a preset number 


/ 11 13 143 \ 

of 143 x — = . 

\ 16 16 256 ) 


’ Output same as the first 16 lines of this truth table (depending on values of A, B, C, D). 
Depends on internal state of counter. 




COUNTER STATE 01 234567 


9 10 II 12 13 14 13 O 


IU 

O 10 20 30 40 50 60 70 80 90 100 | 





4-10 

”(0.102-0254) 

105-113 

(2.667-2.870) 


90-98 

(2.286-2489) 


Dimensions and Pad Layout ‘ for CD4089BH 


jLJL_rLJi_ji_n_n_JUJi 


Fig. 15 — Timing diagram. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~3 inch). 


The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57° instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0. 1 7 mm) larger in both dimensions. 
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CD4093B Types 


COS/MOS 

Quad 2-Input NAND 
Schmitt Triggers 

High-Voltage Types (20 Volt Rating) 

The RCA-CD4093B consists of four Schmitt- 
trigger circuits. Each circuit functions as a 
two-input NAND gate with Schmitt-trigger 
action on both inputs. The gate switches at 
different points for positive- and negative- 
going signals. The difference between the 
positive voltage (Vp) and the negative volt- 
age (V|\|) is defined as hysteresis voltage ( Vj_|) 
(see Fig. 2). 

The CD4093B types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 14-lead dual-in-line plastic 
package (E suffix), 14-lead ceramic flat 
package (K suffix), and in chip form (H 
suffix). 


Features: 

■ Schmitt-trigger action on each input with no 
external components 

■ Hysteresis voltage typically 0.9 V at 
V DD = 5 V and 2.3 V at V DD = 10 V 

■ Noise immunity greater than 50% 

■ No limit on input rise and fall times 

■ Standardized, symmetrical output characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 pA at 18 V 
over full package-temperature range, 

100 nA at 18 V and 25°C 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

■ Wave and pulse shapers 

■ High-noise-environment systems 

■ Monostable multivibrators 

■ Astable multivibrators 

■ NAND logic 
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92CS- 2 3880 

FUNCTIONAL DIAGRAM 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating 
conditions should be selected so that operation 
is always within the following ranges. 


CHARACTERISTIC 

MIN. 

MAX. 

UNITS 

Supply-Voltage Range 
(T a = Full Package- 
Temp. Range) 

3 

18 

V 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to V§s Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT. ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D,F) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D, F) . . . Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D. F, H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1 /32 inch ( 1 .59 ± 0.79 mm) from case for 1 0 s max +265°C 



VDD 



92CS-23883R3 


Fig. 2 - Hysteresis definition, characteristic, and test setup. Fjg 3 _ , nput and outpu( ch3racter/stics . 
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CD4093B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 

Values at -55, +25, +1 25 Apply to D, F, H Packages 

Values at -40, +25, +85 Apply to E Packages 

UNITS 

v 0 

(V) 

V| N 

(V) 

V DD 

(V) 

-55 

-40 

+85 

+125 

+25 

MIN. 

TVP. 

MAX. 

Quiescent Device 
Current, Iqq 

Max. 

- 

0,5 

5 

1 

1 

30 

30 

- 

0.02 

1 

ma 

- 

0,10 

10 

2 

2 

60 

60 

- 

0.02 

2 

- 

0,15 

15 

4 

4 

120 

120 

_ 

0.02 

4 

- 

0,20 

20 

20 

20 

600 

600 


0.04 

20 

Positive Trigger 
Threshold Voltage 
V p Min. 

- 

a 

5 

2.2 

2.2 

2.2 

2.2 

2.2 

2.9 

- 

V 

- 

a 

10 

4.6 

4.6 

4.6 

4.6 

4.6 

5.9 

- 

- 

a 

15 

6.8 

6.8 

6.8 

6.8 

6.8 

8.8 

- 

- 

b 

5 

2.6 

2.6 

2.6 

2.6 

2.6 

3.3 


- 

b 

10 

5.6 

5.6 

5.6 

5.6 

5.6 

7 

- 

- 

b 

15 

6.3 

6.3 

6.3 

6.3 

6.3 

9.4 

- 

Vp Max. 

- 

a 

5 

3.6 

3.6 

3.6 

3.6 

- 

2.9 

3.6 

V 

- 

a 

10 

7.1 

7.1 

7.1 

7.1 

- 

5.9 

7.1 

- 

a 

15 

10.8 

10.8 

10.8 

10.8 

- 

8.8 

10.8 

- 

b 

5 

4 

4 

4 

4 

- 

3.3 

4 

- 

b 

10 

8.2 

8.2 

8.2 

8.2 

- 

7 

8.2 

- 

b 

15 

12.7 

12.7 

12.7 

12.7 

- 

9.4 

12.7 

Negative Trigger 
Threshold Voltage 
V|\| Min. 

- 

a 

5 

0.9 

0.9 

0.9 

0.9 

0.9 

1.9 

- 

V 

- 

a 

10 

2.5 

2.5 

2.5 

2.5 

2.5 

3.9 

- 

- 

a 

15 

4 

4 

4 

4 

4 

5.8 

- 

- 

b 

5 

1.4 

1.4 

1.4 

1.4 

1.4 

2.3 

- 

- 

b 

10 

3.4 

3.4 

3.4 

3.4 

3.4 

5.1 

- 

- 

b 

15 

4.8 

4.8 

4.8 

4.8 

4.8 

7.3 


V|\j Max. 

- 

a 

5 

TO 

MM 

2.8 

TO! 

- 

1.9 

EM 


- 

a 

IQ 

TO 

mm 


■a 

- 

3.9 

■ 

- 

a 

15 

7.4 

MEM 

MEM 

7.4 

- 

ra 

■ 

- 

b 

5 




K23 

- 



- 

b 

TO 


WIM 1 


KSI 

- 

5.1 


- 

b 

TO 

TO 

9.6 

9.6 

9.6 

- 

7.3 

9.6 

Hysteresis Voltage 
V H Min. 

- 

a 

5 

0.3 

0.3 

0.3 

0.3 

0.3 

0.9 

- 

V 

- 

a 

10 

1.2 

1.2 

1.2 

1.2 

1.2 

2.3 

- 

- 

a 

15 

1.6 

1.6 

1.6 

1.6 

1.6 

3.5 

- 

- 

b 

5 

0.3 

0.3 

0.3 

0.3 

0.3 

0.9 

- 

- 

b 

10 

1.2 

1.2 

1.2 

1.2 

1.2 

2.3 

- 

- 

b 

15 

1.6 

1.6 

1.6 

1.6 

1.6 

3.5 

- 

V|_| Max. 


a 

5 

1.6 

1.6 

1.6 

1.6 

- 

0.9 

1.6 

V 

- 

a 

10 

3.4 

3.4 

3.4 

3.4 

- 

2.3 

3.4 

- 

a 

15 

5 

5 

5 

5 

- 

3.5 

5 

- 

b 

5 

1.6 

1.6 

1.6 

1.6 

- 

0.9 

1.6 

- 

b 

10 

3.4 

3.4 

3.4 

3.4 

- 

2.3 

3.4 

- 

b 

15 

5 

5 

Lu 

5 

- 

3.5 

5 


a Input on terminals 1 ,5,8,1 2 or 2, 6, 9,1 3; other inputs to Vqq. 

b lnput on terminals 1 and 2, 5 and 6,8 and 9, or 12 and 13; other inputs to Vqq. 



Fig. 4 — Typical current and voltage 


transfer characteristics. 



Fig. 5 - Typical voltage transfer characteristics 
as a function of temperature. 



Fig. 6 — Typical output low (sink) current characteristics. 


AME 

1 

IENT TEMP 

ERATURE <T a >*25*C 

Z 12.5 - + 


' -GATE-TO-SC 

5URCE VOLTAGE (Vgs)*I 5 v j~H-|- 

1 ioj| 

I 5 :| 

i“|| 

| 

l| 

1 

u 

0 

5 

10 

IS 



DRAIN- TO- SOURCE VOLTAGE (Vds>— V 

Fig. 7 — Minimum output low (sink) current 
characteristics. 
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CD4093B Types 



FREQUENCY (t)-HHi 



APPLICATIONS 


TO CONTROL 
SIGNAL 


OR 


V DD 



Fig. 14 — Typical power dissipation 1 / 5 . 
frequency characteristics. 


Fig. 15 — Typical power dissipation vs. rise and 
fall times. 


Fig. 16 — Wave shaper. 



Fig. 17 — Monostable multivibrator. 


Fig. 19 — Quiescent device current test 
circuit. 


v oo 



92CS- 24835 

Fig. 20 - Input current test circuit. TERMINAL ASSIGNMENT 



Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils ( 10~~ ^ inch). 


The photographs and dimensions of each 
COS/MOS chip represent a chip when it 
is part of the wafer. When the wafer is 
cut into chips, the cleavage angles are 
57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated 
chip is actually 7 mils (0.17 mm) larger 
in both dimensions. 


Dimensions and Pad Layout for CD4093BH 
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CD4094B Types 


COS/MOS 

8-Stage Shift-and-Store 
Bus Register F 


High-Voltage Types (20-Volt Rating) 

The RCA-CD4094B is an 8-stage serial shift 
register having a storage latch associated 
with each stage for strobing data from the 
serial input to parallel buffered 3-state out- 
puts. The parallel outputs may be connected 
directly to common bus lines. Data is shifted 
on positive clock transitions. The data in 
each shift register stage is transferred to the 
storage register when the STROBE input is 
high. Data in the storage register appears at 
the outputs whenever the OUTPUT -ENABLE 
signal is high. 

Two serial outputs are available for cascad- 
ing a number of CD4094B devices. Data is 
available at the Qs serial output terminal on 
positive clock edges to allow for high-speed 
operation in cascaded systems in which the 
clock rise time is fast. The same serial infor- 
mation, available at the Q'g terminal on the 
next negative clock edge, provides a means 
for cascading CD4094B devices when the 
clock rise time is slow. 

The CD4094B types are supplied in 1 6-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
package (E suffix), 16-lead ceramic flat 
package (K suffix), and in chip form (H 
suffix). 


Features: 

■ 3-state parallel outputs for connection to common bus 

■ Separate serial outputs synchronous to both positive 
and negative clock edges for cascading 

■ Medium speed operation - 5 MHz at 10 V (typ.) 

■ Standardized, symmetrical output characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 /iA at 18 V over full package- 
temperature range; 100 n A at 18 V and 25°C 

a Noise margin (full package temperature range): 

1 V at V DD = 5 V 2 V at V DD = 10 V 

2.5 V at V DD = 15 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 

for Description of 'B' Series CMOS Devices" str 


Applications: 

■ Serial-to-parallel data conversion 

■ Remote control holding register 

■ Dual-rank shift, hold, and bus applications 


OUTPUT 

ENABLE I5| 3-STATE 
OUTPUTS 


FUNCTIONAL DIAGRAM 



- Terminal assignment. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to V§s Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D.F) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D, F) . . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 


®t>r^ CL 

CLOCK l__ cL 


m 



ALL INPUTS PROTECTED 
BY COS/MOS 
PROTECTION NETWORK 


k J-LTLTlJ-LrU-lJ-L^^ 


l 




-4-n istnn 

T2 ' i h 


Fig. 3 — Timing diagram. 


Fig. 2 — CD4094B Logic diagram. 
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CD4094B Types 


RECOMMENDED OPERATING CONDITIONS at Tfi, =25 = C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

VDD 

(V) 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (ForTA=Full 


3 

18 

v 

Package-Temperature Range) 






5 

125 

_ 


Data Setup Time, ts 

10 

55 

- 

ns 


15 

35 

- 



5 

200 

_ 


Clock Pulse Width, tw 

10 

100 

- 

ns 


15 

83 

- 



5 


1.25 


Clock Input Frequency, fQL 

10 

dc 

2.5 

MHz 


15 


3 


Clock Input Rise or Fall time, 

5 


15 


t r CL, tfCL:* 

10 

15 


5 

5 

ps 


5 

200 

— 


Strobe Pulse Width, tw 

10 

80 

- 

ns 


15 

70 

- 



*lf more than one unit is cascaded tfCL (for Qg only) should be made less than or equal 
to the sum of the fixed propagation delay at 50 pF and the transition time of the output 
driving stage for the estimated capacitive load. 


DRAIN -TO- SOURCE VOLTAGE (VoS>-V 



Fig. 5 — Minimum output low (sink) current 
characteristics. 


DRAIN- TO- SOURCE VOLTAGE (V D s)—V 



Fig. 6 — Typical output high (source) current 
charac ter i sties. 


TRUTH TABLE 


cl a 

Output 

Enable 

Strobe 

Data 

Parallel 

Outputs 

Serial 

Outputs 

Q1 

ON 

QS* 

Q'S 

J~ 

0 

X 

X 

OC 

OC 

Q7 

NC 

\_ 

0 

X 

X 

OC 

OC 

NC 

Q7 

y 

1 

o 

X 

NC 

NC 

Q7 

NC 

y 

! 

1 

0 

0 

Qn-i 

Q7 

NC 

y 

1 

1 

1 

1 

Qn-i 

Q7 

NC 

"V 

1 

1 

1 

NC 

NC 

NC 

Q7 


A = Level Change Logic 1 = High 

X = Don't Care Logic 0= Low 

NC = No Change 
OC = Open Circuit 

* At the positive clock edge information in the 7th shift register 
stage is transferred to the 8th register stage and the Qs output. 



Fig. 4 — Typical output low (sink) current 
characteristics. 
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Fig. 8 — Clock-to-serial output Q$ propagation 
delay vs C[_. 
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CD4094B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 


Quiescent Device 
Current, 

Iqd Max- 


Output Low 
(Sink) Current 
IqL Min. 

Output High 
(Source) 
Current, 
lOH M'n- 

Output Voltage: 
Low-Level, 

Vol Max. 

Output Voltage: 
High-Level, 

VoH Min. 

Input Low 
Voltage. 

V|L Max. 

Input High 
Voltage, 

V|H Min. 

Input Current 
l|N Max. 

3-State Output 
Leakage Current 
lOUT Max- 


LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS Values at -55, +25, +125 Apply to D,F,H Packages 
Values at —40, +25, +85 Apply to E Package 


Vo 

V|N 



+ z & ! 

( V ) 

( V ) 

( V ) 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

- 

0,5 

5 

5 

5 

150 

150 


0.04 

5 

- 

0,10 

10 

10 

10 

300 

300 


0.04 

10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

34 

6.8 

- 

4.6 

0.5 

5 

- 0.64 

- 0.61 

- 0.42 

- 0.36 

- 0.51 

-1 

- 

2.5 

0.5 

5 

-2 

- 1.8 

- 1.3 

- 1.15 

- 1.6 

- 3.2 

- 

9.5 

0,10 

10 

- 1.6 

- 1.5 

- 1.1 

- 0.9 

- 1.3 

- 2.6 

- 

13.5 

0,15 

15 

- 4.2 

—4 

- 2.8 

- 2.4 

- 3.4 

- 6.8 

- 

- 

0,5 

5 

0.05 

- 

0 

0.05 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

0 . 5 , 4.5 

- 

5 

1.5 

— 

- 

1.5 

1 , 9 

- 

10 

3 

- 

- 

3 

1 . 5 , 13.5 

- 

15 

4 

- 

- 

4 

0 . 5 , 4.5 

- 

5 

3.5 

3.5 

- 

- 

1 , 9 

- 

10 

7 

7 

- 

— 

1 . 5 , 13.5 

- 

15 


11 

11 

- 

- 





O 20 40 60 BO 100 

LOAD CAPACITANCE tC, )— pF 

»2CS-2!«J6 

Fig. 11 — Strobe-to-parallel output propagation 
delay vs C^_. 



Fig. 12 — Output enable-to-parallel output propa- 
gation delay vs C L . 



CD4094B 

°S D 

CD4094B 

°S 0 

C04094B 

STROBE CLOCK 


STROBE CLOCK 


STROBE CLOCK 


Fig. 13 — Typical transition time vs. load capacitance. 


Fig. 14 — Remote control holding register. 



SUPPLY VOLTAGE (V DD )-V 

92CS-2563 

Fig. 15— Typical maximum-clock-frequency vs. 
supply voltage. 





CD4094B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 

At Tfi=25°C; Input t r , tf = 20 ns, C{_ = 50 pF, R i_ = 200 kSl 


CHARACTERISTIC 


Propagation Delay Time, 
tPHL/ tPLH 

Clock to Serial Output Qg 


Clock to Serial Output Qg 


Clock to Parallel Output 


Strobe to Parallel Output 


Output Enable to Parallel 
Output: 

Output High to High 
Impedance, t pHZ 


Output Low to High 
Impedance, t p ^ z 


Minimum Strobe Pulse 
Width, t w 

Minimum Clock Pulse 
Width, t w 

Minimum Data Setup 
Time, tg 

T ransition Time; 
tTHL, tfLH 

Maximum Clock Input I 
or Fall Time, t r CL, tf( 

Maximum Clock Input 
Frequency, fcL 

Input Capacitance C| 
(Any Input) 


LIMITS 

MIN. 

TYP. 

MAX. 


300 

600 

- 

125 

250 

- 

95 

190 

- 

230 

460 

- 

110 

220 

- 

75 

150 

- 

420 

840 

- 

195 

390 

- 

135 

270 

- 

290 

580 

- 

145 

290 


100 

200 

- 

140 

280 

- 

75 

150 

- 

55 

110 

- 

225 

450 

- 

95 

190 

- 

70 

140 

- 

100 

200 

- 

40 

80 

- 

35 

70 

- 

100 

200 

- 

50 

100 

- 

40 

83 

- 

60 

125 


30 

55 

- 

20 

35 

- 

100 

200 

- 

50 

100 

- 

40 

80 

15 

_ 

_ 

5 

_ 

— 

5 

- 

- 

1.25 

2.5 

- 

2.5 

5 

- 

3 

6 

- 

“ 

. 

5 

7.5 


The photographs and dimensions of each 
COS/MOS chip represent a chip when it 
is part of the wafer. When the wafer is 
cut into chips, the cleavage angles are 
57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated 
chip is actually 7 mils (0. 17 mm) larger 
in both dimensions. 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10~^ inch). 


C AMBIENT TEMPERATl 

ALTERNATING 0 AN 
- OUTPUT ENABLE HIG 

RE (T A ) * 25* C 

1 PATTERN 







I 



if 





i'- 10 V 

5 V 




Cl ■ 50 1 
C L *15 1 

pF 








10 10 10 
INPUT CLOCK FREQUENCY ((..) 


Fig. 16 — Dynamic power dissipation vs 
input dock frequency. 



Fig. 17 — Quiescent device current 
test circuit. 



NOTE • 

TEST ANY COMBINATION 
OF INPUTS 

92CS-2744IR 


Fig. 18 — Input voltage test circuit. 



MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V 0D AN0V SS 
connect all unused 
INPUTS TO EITHER 


Fig. 19 — Input current test circuit. 
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Dimensions and Pad Layout for CD4094B Chip. 






CD4095B, CD4096B Types 

COS/MOS Gated J-K 
Master-Slave Flip-Flops 

With Set- Reset Capability 
High-Voltage Types (20-Volt Rating) 

CD4095B Non-Inverting J and K Inputs 
CD4096B Inverting and Non- Inverting J and K Inputs 


The RCA-CD4095B and CD4096B are J-K 
Master-Slave Flip-Flops featuring separate 
AND gating of multiple J and K inputs. The 
gated J-K inputs control transfer of informa- 
tion into the master section during clocked 
operation. Information on the J-K inputs is 
transferred to the Q and Q outputs on the 
positive edge of the clock pulse. SET and 
RESET inputs (active high) are provided for 
asynchronous operation. 

The CD4095B and CD4096B types are sup- 
plied in 14-lead hermetic dual-in-line cer- 
amic packages (D and F suffixes), 14-lead 
dual-in-line plastic package (E suffix), 14- 
lead ceramic flat package (K suffix), and in 
chip form (H suffix). 


Features: 

■ 16 MHz toggle rate (typ.) at Vqd — V$s = 10 V 

■ Gated inputs 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 juA at 18 V over full 
temperature range; 100 nA at 18 V and 25°C 

■ Noise margin over full package-temperature 
range: 1 V at VpD = 5 V, 2 V at Vqd = 

10 V, 2.5 Vat V DD = 15 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Standardized, symmetrical output 
characteristics 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

■ Registers ■ Counters ■ Control circuits 



CD4095B 

package- Functional Diagram 


TRUTH TABLES 

SYNCHRONOUS OPERATION (S=0 R=0) 


MAXIMUM RATINGS, Absolute Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgg Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT. ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pp): 

For T a = -40 to +60°C (PACKAGE TYPE E) d 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 1 2 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D, F) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D. F) . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 


Inputs Before 
Positive Clock 

Transition 

Outputs After 
Positive Clock 

Transition 

J* K* 

Q Q 

0 0 

No Change 

0 1 

0 1 

1 0 

1 0 

1 1 

Toggles 


‘ For CD4095B 
J = J1 • J2 - J3 
K = K1 ‘ K2 ‘ K3 


For CD4096B 
J = J1 • J2 - J3_ 
K = K1 ' K2 ■ K3 


ASYNCHRONOUS OPERATION 
(J and K - DON'T CARE) 


PACKAGE TYPES D. F. H 

PACKAGE TYPE E 

STORAGE TEMPERATURE RANGE (T st ) 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max 


-55 to +125 C 
-40 to +85°C 
-65 to +1 50°C 


S R 

Q Q 1 

0 0 

No Change 

0 1 

0 1 

1 0 

1 0 

1 1 

0 0 


0 = VSS' 1 = V DD 



v ss = 7 


NC *1 

92CS- 24430RI 


Fig. 1 — CD4096B Functional Diagram. 



Fig.2 — Typical output low (sink) Fig.3 — Minimum output low (sink) 

current characteristics. current characteristics. 
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CD4095B, CD4096B Types 


RECOMMENDED OPERATING CONDITIONS at T A = 25' C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

V DD 

LIMITS 

UNITS 


(V) 

MIN. 

MAX. 


Supply-Voltage Range (For T/^ = Full 


3 

18 

v 

Package-Temperature Range) 






5 

400 

- 


Data Setup Time, t 5 

10 

160 

- 

ns 


15 

100 

- 



5 

140 

- 


Clock Pulse Width, tyy 

10 

60 

- 

ns 


15 

40 

- 



5 


3.5 


Clock Input Frequency, f£|_ 

10 

dc 

8 

MHz 


15 


12 



5 

— 

15 


Clock Rise and Fall Time, t r CL, tfCL: 

10 

— 

5 

)is 


15 

- 

5 



5 

200 

- 


Set or Reset Pulse Width, tyy 

10 

100 

- 

ns 


15 

50 

- 



STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 
Values at —55, +25, +1 25 Apply to D, F,H Packages 
Values at -40, +25, +85 Apply to E Package 

UNITS 

Vo 

(V) 

V|N 

(V) 

VDD 

(V) 


+25 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, 

IDD Max- 

- 

0,5 

5 

1 

1 

30 

30 

- 

0.02 

1 

pA 

- 

0,10 

10 

2 

2 

60 

60 

- 

0.02 

2 

- 

0,15 

15 

4 

4 

120 

120 

- 

0.02 

4 

- 

0,20 

20 

20 

20 

600 

600 

- 

0.04 

20 

Output Low 
(Sink) Current 
Iql Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

34 

6.8 

- 

Output High 
(Source) 

Current, 

Iqh Min - 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage: 
Low-Level, 

Vol Max. 

- 

0,5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage: 
High-Level, 

VoH Min. 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage, 

V| L Max. 

0.5, 4.5 

- 

5 

1.5 

■ — 

- 

1.5 

V 

1, 9 

- 

10 

3 

- 

- 

3 

1.5, 13.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V|H Min. 

0.5, 4.5 

- 

5 

3.5 

3.5 

- 

- 

1,9 

- 

10 

7 

7 

— 

— 

1.5, 13.5 

- 

15 

11 

11 

- 

- 

Input Current 
l||\j Max. 


0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10~ 5 

±0.1 

pA 


DRAIN- TO- SOURCE VOLTAGE (V D s)—V 



Fig.4 — Typical output high (source) 
current characteristics. 


DRAIN -TO-SOURCE VOLTAGE (Vos>— V 



Fig. 5 — Minimum output high ( source ) 
current characteristics. 
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Fig. 6 — Typical propagation delay time vs. 
load capacitance. 



Fig.7 — Typical transition time vs. 
load capacitance. 
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CD4095B, CD4096B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25*C; Input t r , t f = 20 ns, 
C L = 50pF, R L = 200K£2 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 


V DD 

(V) 

MIN. 

TYP. 

MAX. 

Propagation Delay Time: tpj_| |_, tp|_|_j 


5 

- 

250 

500 


Clock 


10 

- 

100 

200 




15 

- 

75 

150 








ns 



5 

— 

150 

300 


Set or Reset 


10 

- 

75 

150 




15 

- 

50 

100 




5 

- 

100 

200 


Transition Time, tj|_||_ t-p |_|_| 


10 

- 

50 

100 

ns 



15 

- 

40 

80 




5 

3.5 

7 

- 


Maximum Clock Input Frequency, (f£(_) * 


10 

8 

16 

- 

MHz 



15 

12 

24 

- 




5 

- 

70 

140 


Minimum Clock Pulse Width, tyy 


10 

- 

30 

60 

ns 



15 

- 

20 

40 




5 

_ 

_ 

15 


Clock Input Rise or Fall Time, 


10 

_ 

_ 

5 

jus 

t rcl» Vcf 


15 

- 

- 

5 




5 

_ 

100 

200 


Minimum Set or Reset Pulse Width, t ^ 


10 

- 

50 

100 

ns 



15 

- 

25 

50 




5 

- 

200 

400 


Minimum Data Setup Time, tg 


10 

- 

80 

160 

ns 



15 

- 

50 

100 


Input Capacitance, C|[\| 

Any Input 

- 

- 

5 

7.5 

pF 


* t r , t f = 5 ns 



Fig. 11 — CD4095B and CD4096B logic diagram. 





Fig.8 — Typical dock frequency vs. supply 
voltage (toggle mode— see Fig. 16). 



Fig. 9 - Typical power dissipation vs. 
input dock frequency. 


* ,l -i — .r: 



Fig. 10 — Propagation delay, transition, and 
setup-time waveforms. 


1 






Fig. 12 — Clock pulse rise and fall time 
waveforms. 


V DD 



Fig. 13 — Quiescent device current test 
circuit. 
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CD4095B, CD4096B Types 



Fig. 14 — Input voltage test circuit. Fig. 15 — Input leakage current test 

circuit. 


Fig. 16 — CD4095B connected in toggle 
mode. 



Fig. 18 — Synchronous binary divide-by-ten counter. 


DIMENSIONS AND PAD LAYOUT FOR CD4095B AND CD4096B 


TERMINAL ASSIGNMENTS 



CD4095BH CD4096BH 

The Photographs and dimensions of each COSMOS Dimensions paren dieses 3re millimeters and are 

ch,p represent a chip when it is part of the wafer. <fcf/rerf , rom the bas/c irich dimensions as indicated. 

When the wafer is cut into chips, the cleavage an- Grjd graduations are in mils (10-3 inch), 

gles are 57 u instead of 90r with respect to the face 
of the chip. Therefore, the isolated chip is actually 
7 mils (0. 17 mm) larger in both dimensions. 



TOP VIEW 


NC = NO CONNECTION 9ZCS- 24428 


CD4095B 



TOP VIEW 


NC = NO CONNECT ION 9?c 

CD4096B 
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CD4098B Types 


COS/MOS Dual Monostable 
Multivibrator 


High-Voltage Types (20-Volt Rating) 

The RCA-CD4098B dual monostable multi- 
vibrator provides stable retriggerable/reset- 
table one-shot operation for any fixed-volt- 
age timing application. 

An external resistor (Rx) and an external 
capacitor (Cx ) control the timing for the 
circuit. Adjustment of Rx and Cx provides 
a wide rajige of output pulse widths from the 
Q and Q terminals. The time delay from 
trigger input to output transition (trigger 
propagation delay) and the time delay from 
reset input to output transition (reset pro- 
pagation delay) are independent of Rx and 

Cx- 

Leading-edge-triggering (+TR) and trailing- 
edge-triggering (— TR) inputs are provided 
for triggering from either edge of an input 
pulse. An unused +TR input should be tied 
to V$s- An unused — TR input should be tied 
to Vqd- A RESET (on low level) is provided 
for immediate termination of the output 
pulse or to prevent output pulses when power 
is turned on. An unused RESET input should 
be tied to Vqd- However, if an entire section 
of the CD4098B is not used, its RESET 
should be tied to VsS- See Table I. 


Features: 

■ Retriggerable/resettable capability 

■ Trigger and reset propagation delays 
independent of Rx, Cx 

■ Triggering from leading or trailing edge 

■ Q and Q buffered outputs available 

■ Separate resets 

■ Wide range of output-pulse widths 

■ 100% tested for maximum quiescent 
current at 20 V 

■ Maximum input current of 1 /iA at 
18 V over full package-temperature 
range; 100 nA at 18 V and 25°C 

■ Noise margin (full package-temperature 

range): 1 V at Vqq= 5 V 

2 Vat V DD =10 V 
2.5 Vat V dd =15 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Standardized, symmetrical output 
characteristics 

■ Meets all requirements of JEDEC 
Tentative Standard No. 13A, "Stand- 
ard Specifications for Description of 'B' 
Series CMOS Devices." 

Applications: 

■ Pulse delay and timing 

■ Pulse shaping 

■ Astable multivibrator 



V SS .B 


CX2 

CD4098B 


*X2 

92CS- 24253 


Functional Diagram 



TERMINALS 1,8,15 ARE 
ELECTRICALLY CONNECTED 
INTERNALLY 

92CS-24848RI 

TERMINAL ASSIGNMENT 


In normal operation the circuit triggers (ex- 
tends the output pulse one period) on the 
application of each new trigger pulse, ^or 
operation in the non-retriggerable mode, Q is 
connected to -TR when leading-edge trig- 
gering (+TR) is used or Q is connected to +TR 
when trailing-edge triggering (— TR) is used. 

The time period (T) for this multivibrator can 
be approximated by : Tx^/zRxCx for Cx ^ 
0.01 fif. Time periods as a function of Rx 
for values of Cx and Vqd are given in Fig. 8. 
Values of T vary from unit to unit and as a 
function of voltage, temperature, and Rx^X- 

The minimum value of external resistance, 
Rx, is 5 k£2. The maximum value of external 
capacitance, Cx, is 100 pF. Fig. 9 shows time 
periods as a function of Cx for values of Rx 
and V dd. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE. (V DD ) 

(Voltages referenced to V$s Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS 0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE <P D ): 

For T A = 40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T a = —55 to +100°C (PACKAGE TYPES D.F ) 500 mW 

For T a = +100 to +125°C (PACKAGE TYPES D, F . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D, F. H 55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) 65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch ( 1 .59 ± 0.79 mm) from case for 1 0 s max +265°C 


The output pulse width has variations of 
±2.5% typically, over the temperature range 
of — 55° C to 125°C for Cx=1000 pF and 
RX=100k£2. 

For power supply variations of ±5%, the out- 
put pulse width has variations of ±0.5% 
typically, for Vdd = 10 V and 15 V and ±1% 
typically, for Vqd= 5 V at Cx=1000 pF and 
RX=5 k SI. 

These types are supplied in 1 6-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 1 6-lead ceramic flat package. 
(K suffix), and in chip form (H suffix). 

The CD4098B is similar to type MCI 4528. 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges: 


CHARACTERISTIC 

V DD 

V 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (For Ta = 





Full Package-Temperature 

— 

3 

18 

V 

Range) 






5 

140 

_ 


Trigger Pulse Width tyy(TR) 

10 

60 

- 

ns 

15 

40 

— 




See 


Reset Pulse Width t\y(R) 


Dynam 

c Char. 


(This is a function of Cx) 


Chart and 



Fig. 

10 


Trigger Rise or Fall Time 
t r (TR ), t f (TR) 

5- 15 

- 

100 

jUS 
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CD4098B Types 


TABLE I 

CD4098B FUNCTIONAL TERMINAL CONNECTIONS 


Leading-Edge 

Trigger/ 

Retriggerable 

Leading-Edge 

Trigger/ 

Non-retriggerable 

Trailing-Edge 

Trigger/ 

Retriggerable 

T railing-Edge 
Trigger/ 

Non-retriggerable 

Unused Section 


V DD 

TERM 

TO 

. NO. 

V SS 

TERM 

TO 

.NO. 

INPUT PULSE 

TO TERM. NO. 

OTHER 

CONNECTIONS 

M0N0 1 

mono 2 

MONO., 

mono 2 

MONO., 

M0N0 2 

MONO., 

mono 2 

3,5 

11, 13 



4 

12 



3 

13 



4 

12 

5-7 

11-9 

3 

13 

4 

12 

5 

11 



3 

13 



5 

11 

4-6 

12-10 

5 

11 

3,4 

12, 13 






4GATE-TO-SOURCE VOLTAGE (V GS M5 V 


DR A IN -TO -SOURCE VOLTAGE (VqsI — V 

Fig. 1 — Typical output low (sink) 
current characteristics. 


AMBIENT TEMPERATURE (T A )*25*C4 

i mu mi it iThiii m 


JUGATE- TO -SOURCE VOLTAGE (V GS )*I5 V 


1. A RETRIGGERABLE ONE-SHOT MULTI- 2 . A NON-RETRIGGERABLE ONE-SHOT 


VIBRATOR HAS AN OUTPUT PULSE 
WIDTH WHICH IS EXTENDED ONE FULL 
TIME PERIOD (T x ) AFTER APPLICATION 
OF THE LAST TRIGGER PULSE. 

The minimum time between 
retriggering edges (or trigger 
and retrigger edges) is 40 
per cent of (T y). 


MULTIVIBRATOR HAS A TIME PERIOD 
T x REFERENCED FROM THE APPLI- 
CATION OF THE FIRST TRIGGER PULSE. 

INPUT PULSE TRAIN 

RETRIGGERABLE MODE PULSEWIDTH 
(+TR MODE) 

NON-RETRIGGERABLE MODE PULSE 

WIDTH 

(+TR MODE) 





NOTE : SCHEMATIC SHOWN IS 1/2 OF TOTAL 
PACKAGE. TWO SETS OF TERMINAL 
NUMBERS ARE SHOWN. TERMINALS 
1,8,15 ARE ELECTRICALLY CONNECTED 
INTERNALLY. 


"ALL INPUTS ARE 
PROTECTED BY 
COS/ VOS PROTECTION 
NETWORK 



Fig. 4 — CD4098B logic diagram. 


Fig. 2 — Minimum output low (sink) 
current characteristics. 


DRAIN- TO- SOURCE VOLTAGE (V D s> — V 


AMBIENT TEMPERATURE (T A ) 

I I 1 I I | I | GATE-TO-SOURCE VOLTAGE (V GS ) 




Fig. 3 — Typical output high (source) 
current characteristics. 


DRAIN-TO-SOURCE VOLTAGE (V D s> — V 
I AMBIENT TEMPERATURE~(T A ) 


lllllIbBBaaaaaaaaaaBaaaar^rj 


OGATE -TO -SOURCE VOLTAGE (V GS ) 


Fig. 5 — Minimum output high (source) 
current characteristics. 
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CD4098B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 



TEST CIRCUITS 

V DD 



V SS 


Fig. 12 — Quiescent-device-current 
test circuits. 



OF INPUTS 

Fig. 13 — Input-voltage test circuit. 



Fig. 14 - Input leakage current test circuit. 



Fig. 11 — Average power dissipation vs. one-short pulse width. 
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CD4098B Types 


APPLICATIONS 

V DD V 0D 



C x > 0.01 fiF 
92CS-24256R2 

Fig. 15 — Pulse delay. 



>DD. T X v »- R X 


R x 

>DD ( Avg. ) 

Tx 

(T1 + T2) 

V DD 

io kn 

1 mA 

4 

0.05 mA 

3.8 ps 

4 

0.5 s 

5 V 


2.5 mA 

4 

0.5 mA 

3.2 ps 

4 

0.5 s 

10 V 

io wn 

5 mA 
; 

3 p* 

15 V 


1 mA 

0*5 s 



Note. 

All values are typical. 

Cx range : 0.0001 pF to 0.1 pF. 


Fig. 16 — Astable multivibrator with restart after reset capability. 



Dimensions and Pad Layout for CD4098BH 

The photograph and dimensions represent a chip 
Dimensions in parentheses are in millimeters and when it is part of the wafer. When the wafer is cut 
are derived from the basic inch dimensions as into chips the cleavage angles are 57° instead of 

indicated. Grid graduations are in mils (10~^ inch). 90° with respect to the face of the chip. Therefore , 

the isolated chip is actually 7 mils (0. 17 mm) 
larger in both dimensions. 
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CD4099B Types 


COS/MOS 

8-Bit Addressable Latch 


High-Voltage Types (20-Volt Rating) 

The RCA-CD4099B 8-bit addressable latch 
is a serial-input, parallel-output storage regis- 
ter that can perform a variety of functions. 

Data are inputted to a particular bit in the 
latch when that bit is addressed (by means 
of inputs AO, A1, A2) and when WRITE 
DISABLE is at a low level. When WRITE 
DISABLE is high, data entry is inhibited; 
however, all 8 outputs can be continuously 
read independent of WRITE DISABLE and 
address inputs. 

A master RESET input is available, which 
resets all bits to a logic "0" level when RESET 
and WRITE DISABLE are at a high level. 
When RESET is at a high level, and WRITE 
DISABLE is at a low level, the latch acts as 
a 1-of-8 demultiplexer; the bit that is ad- 
dressed has an active output which follows 
the data input, while all unaddressed bits 
are held to a logic "0" level. 

The CD4099B types are supplied in 1 6-lead 
hermetic ceramic dual-in-line packages (D 
and F suffixes), 16-lead plastic dual-in-line 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Features : 

■ Serial data input ■ Active parallel output 

■ Storage register capability ■ Master clear 

■ Can function as demultiplexer 

■ Standardized, symmetrical output characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 juA at 18 V 
(full package-temperature range), 100 nA 
at 18 V and 25°C 

■ Noise margin (full package-temperature 
range) = 1 V at Vdd = 5 V, 2 V at Vqd 
= 10 V, 2.5 Vat Vdd = 15 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 1 
for Description of 'B' Series CMOS Devices" 1 



Applications: 

n Multi-line decoders 
° AID converters 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to V$s Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 1 2 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D,F) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D, F) . . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, H -55 to +1 25°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265°C 




Fig. 1 — Logic diagram of CD4099B and detail of 1 of 8 latches. 




Fig. 2 — Typical output low (sink) 
current characteristics. 
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CD4099B Types 


RECOMMENDED OPERATING CONDITIONS at T A =25° C (Unless otherwise specified) 
For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges. 


CHARACTERISTIC 

SEE 

FIG. 15* 

V DD 

(V) 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply Voltage Range: 

(At T^ = Full Package 
Temperature Range) 



3 

18 

V 

Minimum Pulse Width, t yj 

Data 

© 

5 

200 

- 

ns 

10 

100 

- 

15 

80 


Address 

© 

5 

400 

— 

10 

200 

- 

15 

125 

- 

Reset 

© 

5 

150 

- 

10 

75 

- 

15 

50 

- 

Setup Time, tg 

Data to WRITE DISABLE 

® 

5 

100 

- 

ns 

10 

50 

- 

15 

35 

- 

Hold Time, t^ 

Data to WRITE DISABLE 

© 

5 

150 

- 

ns 

10 

75 

- 

15 

50 

- 


* Circled numbers refer to times indicated on master timing diagram. 

Note: In addition to the above characteristics, a WRITE DISABLE ON time (the time that WRITE 
DISABLE is at a high level) must be observed during an address change for the total time that the 
external address lines AO, A1, and A2 are settling to a stable level, to prevent a wrong cell from 
being addressed (see Fig. 3). 



MODE SELECTION | 



ADDRESSED 

UNADDRESSED 



LATCH 

LATCH 

0 

0 

Follows Data 

Holds Previous 




State 

0 

1 

Follows Data 

Reset to "0" 



(Active High 8-Channel Demulti- 




plexer) 

1 

0 

Holds Previous State 

1 

1 

Reset to "0" 

Reset to "0" 


WD = WRITE DISABLE R = RESET 



Fig. 3 — Definition of WRITE DISABLE ON time. 



DRAIN-TO-SOURCE VOLTAGE (Vos)— V 


92CS-243I9RI 

Fig. 4 — Minimum output low (sink) 
current characteristics. 


DRAIN-TO-SOURCE VOLTAGE (V D $)— V 



Fig. 6 — Typical output high (source) 
current characteristics. 
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CD4099B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 
Values at —55, +25, +1 25 Apply to D,F,H Packages 
Values at —40, +25, +85 Apply to E Package 

1 



ESI 


+25 

3ml 

si 


EE51 


Typ. 


Quiescent Device 
Current, 

1 DD M a x - 

- 

ES 

D 

5 

5 

150 




5 


- 


m 

mem 

10 

300 

ES9 



MEM 


Ell 

KQi 




ESI 


a 


- 

ESI 

gg 

MSI 


mm 


m 


Baa 

Output Low 
(Sink) Current 
Iql Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

i 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

34 

6.8 

- 

Output High 
(Source) 

Current, 

Iqh Min - 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage: 
Low-Level, 

Vol Max. 

- 

0,5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage: 
High-Level, 

VoH Min. 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage, 

V|L Max. 

0.5, 4.5 

- 

5 

1.5 

— 

- 

1.5 

V 

1. 9 

- 

10 

3 

- 

- 

3 

1.5,13.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V|H Min. 

0.5, 4.5 

- 

5 

3.5 

3.5 

- 

- 

1, 9 

- 

10 

7 

7 

- 

— ' 

1.5,13.5 

- 

15 

11 

11 

- 

- 

Input Current 

1 1 |v] Max. 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

l 

±10“ 5 

±0.1 

pA 


0 10 to SO 40 60 60 TO BO *0 100 




-IlllWiilli 

:p ■ 


J 1 ._L_ 


41 
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CD4099BH 

DIMENSIONS AND PAD LAYOUT 

Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as 
indicated. Grid graduations are in mils (10~^ inch). 


The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0. 1 7 mm) larger in both dimensions. 
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Fig. 7 — Minimum output high (source) 
current characteristics. 



Fig. 8 - Typical propagation delay time 
(data to Qn ) vs. toad capacitance. 



LOAD CAPACITANCE (C L )— pF 


Fig. 9 — Typical transition time vs. load 
capacitance. 



Fig. 10 — Typical dynamic power dissipation vs. 
address cycle time. 
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CD4099B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25° C, C L = 50 pF, 
Input t r , tf = 20 ns, Rj_ = 200 K£l 


CHARACTERISTIC 

CONDITIONS 

LIMITS 

ALL PACKAGE TYPES 

UNITS 

SEE 

FIG. 15* 

V DD 

(V) 

TYP. 

MAX. 

Propagation Delay: tp|_|_|, 

tPHL 

Data to Output, 

© 

5 

200 

400 

ns 

10 

75 

150 

15 

,50 

100 

WRITE DISABLE 
to Output, tpLH , 

l PHL 

© 

5 

200 

400 

10 

80 

160 

15 

60 

120 

Reset to Output, 

tpHL 

© 

5 

175 

350 

10 

80 

160 

15 

65 

130 

Address to Output, 

tPLH- 

t PHL 

© 

5 

225 

450 

10 

. 100 

200 

15 

75 

150 

Transition Time, tTHL' 

(Any Output) tj L pj 


5 

100 

200 

ns 

10 

50 

100 

15 

40 

80 

Minimum Pulse 

Width, tyy 

Data 

© 

5 

100 

200 

ns 

10 

50 

100 

15 

40 

80 

Address 

© 

5 

200 

400 

ns 

10 

100 

200 

15 

65 

125 

Reset 

© 

5 

75 

150 

ns 

10 

40 

75 

15 

25 

50 

Minimum Setup 

Time, tg 

Data to WRITE DISABLE 

© 

5 

50 

100 

ns 

10 

25 

50 

15 

20 

35 

Minimum Hold 

Time, tp| 

Data to WRITE DISABLE 

© 

5 

75 

150 

ns 

10 

40 

75 

15 

25 

50 

Input Capacitance, C||\| 

Any Input 

5 

7.5 

PF 


•Circled numbers refer to times indicated on master timing diagram. 



Fig. 15 — Master timing diagram. 


92C5- 2T677 



Fig. 11 — Quiescent device current 
test circuit. 



NOTE • 

TEST ANY COMBINATION 
OF INPUTS 


92CS-2744IRI 

Fig. 12— Input voltage test circuit. 


XD 1 

Vss 


Vss 


NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V DD ANO V ss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
v dd orv ss . 

97 CS-77407 


Fig. 13 — Input current test circuit. 



Fig. 14 — 1 of 16 decoder /demultiplexer. 



Fig. 16 — Multiple selection decoding —4x4 
crosspoint switch. 
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CD4502B Types 


COS/MOS Strobed Hex 
Inverter/Buffer 

High-Voltage Types (20-Volt Rating) 


The RCA-CD4502B consists of six inverter/ 
buffers with 3-state outputs. A logic "1" on 
the OUTPUT DISABLE input produces a 
high-impedance state in all six outputs. This 
feature permits common busing of the out- 
puts, thus simplifying system design. A 
Logic "1" on the INHIBIT input switches 
all six outputs to logic “0" if the OUTPUT 
DISABLE input is a logic "0". This device 
is capable of driving two standard TTL loads, 
which is equivalent to six times the JEDEC 
"B"-series loL standard. 

The CD4502B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
package (E suffix), 16-lead ceramic flat 
package (K suffix), and in chip form (H 
suffix). This device is similar to the MCI 4502. 


Features: 

■ 2 TTL-load output drive capability 

■ 3-state outputs 

■ Common output-disable control 

■ Inhibit control 

■ 100% tested for quiescent current at 20 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Maximum input current of 1 jj A at 18 V over 
full package-temperature range; 100 nA at 
18 V and 25°C 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

■ Noise margin (full package-temperature 
range) = 

1 V at V D D = 5 V 

2 Vat V DD = 10 V 
2.5 Vat V DD = 15 V 

Applications: 

■ 3-state hex inverter for interfacing IC's 
with data buses 

■ COS/MOS to TTL hex buffer 


MAXIMUM RATI NGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT. ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D,F) 500 mW 

For T a = +100 to +125°C (PACKAGE TYPES D, F) . . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ..... 100 mW 

OPERATING-TEMPERATURE RANGE <T A ): 

PACKAGE TYPES D. F, H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 


STORAGE TEMPERATURE RANGE (T stg ) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch ( 1 .59 ± 0.79 mm) from case for 1 0 s max +265°C 



TRUTH TABLE 


DISABLE 

INHIBIT 

Dn 

Qn 

0 

0 

0 

1 

0 

0 

1 

0 

0 

1 

X 

0 

1 

X 

X 

z 


Logic 0 = Low 
Z = High Impedance 
X = Don't Care 
Logic 1 = High 


Fig. 1 — Logic diagram of 1 of 6 identical inverter /buffers. 



TOP VIEW 


92CS-25I28 



Fig. 2 — Typical output low (sink) 
current characteristics. 



0 5 K) IS 

DRAIN- TO- SOURCE VOLTAGE (VoS> — V 

92CS-29I5Z 


Fig. 3 — Minimum output low (sink) 
current characteristics. 



Fig.4 — Typical output high (source) 
current characteristics. 


TERMINAL ASSIGNMENT 


287 







CD4502B Types 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that oper- 
ation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

Min. 

Max. 

Supply-Voltage Range (ForTA = Full Package- 




Temperature Range) 

3 

18 

V 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 
Values at —55, +25, +1 25 Apply to D, F,H Packages 
Values at -40, +25, +85 Apply to E Package 

UNITS 

v 0 

(V) 

V|N 

(V) 

Vdd 

(V) 

1 

+25 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, 

IDD M a x - 

- 

0,5 

5 

1 

1 

30 

30 

- 

0.02 

1 

PA 

- 

0,10 

10 

2 

2 

60 

60 

- 

0.02 

2 

- 

0,15 

15 

4 

4 

120 

120 

- 

0.02 

4 

- 

0,20 

20 

20 

20 

600 

600 

- 

0.04 

20 

Output Low 
(Sink) Current 
|Q|_ Min. 

0.4 

0,5 

5 

3.84 

3.66 

2.52 

2.16 

3.06 

6 

- 

mA 

0.5 

0,10 

10 

9.6 

9 

6.6 

5.4 

7.8 

15.6 

- 

1.5 

0,15 

15 

25.2 

24 

16.8 

14.4 

20.4 

40.8 

- 

Output High 
(Source) 

Current, 
lOH Min. 

4.6 

0,5 

5 

- 0.64 

- 0.61 

- 0.42 

- 0.36 

- 0.51 

-1 

- 

2.5 

0,5 

5 

-2 

- 1.8 

- 1.3 

- 1.15 

- 1.6 

- 3.2 

- 

9.5 

0,10 

10 

- 1.6 

- 1.5 

- 1.1 

- 0.9 

- 1.3 

- 2.6 

- 

13.5 

0,15 

15 

- 4.2 

-4 

- 2.8 

- 2.4 

- 3.4 

- 6.8 

- 

Output Voltage: 
Low-Level, 

Vol Max. 

- 

0,5 

5 

0.05 

- 

0 

0.05 

V 

_ 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage: 
High-Level, 

VOH Min. 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 


0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage, 

V|i_ Max. 

0 . 5 , 4.5 

- 

5 

1.5 

— 

- 

1.5 

V 

1.9 

- 

10 

3 

- 

- 

3 

1 . 5 , 13.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V|H Min. 

4.5 

- 

5 

3.5 

3.5 

- 

- 

9 

- 

10 

7 

7 

- 

- 

13.5 

- 

15 

11 

11 

- 

- 

Input Current 
l|N Max. 


0,18 

18 

± 0.1 

± 0.1 

±1 

±1 

- 

± 10~ 5 

± 0.1 

pA 

3-State Output 
Leakage Current 
lOUT Max. 

0,18 

0,18 

18 

± 0.4 

± 0.4 

±12 

±12 

- 

± 10-4 

± 0.4 

/uA 



92CS-29I4B 

Fig.8 — Typical transition time as a function 
of load capacitance. 


I AMBIENT TEMPERATURE ( T A )*25*C! 



LOAD CAPACITANCE (C u )-pF 

92CS-29I49 

Fig. 9 - Typical propagation-delay time as a 
function' of load capacitance. 
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Fig. 5 — Minimum output high (source) 
curren t characteristics. 



Fig. 6— Typical voltage transfer 
characteristics. 



INPUT FREQUENCY (I rl— kHi 

92CS-29I4S 


Fig. 7 — Typical power dissipation as a 
function of input frequency. 


V DD 



92CS- 29147 


Fig. 10 — Power-dissipation test circuit. 
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CD4502B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C; Input t r , tf = 20 ns, 
C(_ = 50 pF, R l = 200 K Q 


CHARACTERISTIC 


Data or Inhibit Delay Times: 
High to Low, tp^L 

Low to High, tpLH 

Disable Delay Times: 

Output High to High 
Impedance, tpnz 

High-Impedance to Output 
High, tpzH 

Output Low to High 


TEST CONDITIONS 

v D d 

(V) 


LIMITS | 

TYP 

MAX 

135 

270 

60 

120 

40 

80 


1 mpedance, tp|_Z 


15 



High Impedance to Output 
Low, tpzL 

5 

10 

15 

125 

55 

40 

250 

110 

80 

Transition Times: 


5 

100 

200 

Low to High, tj|_H 


10 

50 

100 



15 

40 

80 



5 

60 

120 

High to Low, tj(_|i_ 


10 

30 

60 



15 

20 

40 

Input Capacitance, C||\j 

Any 1 

nput 

5 

7.5 







Fig. 11 — Quiescent-device-current 
test circuit. 



f NOTE 

c S TEST ANY COMBINATION 

OF INPUTS 


Fig. 12 — Input-voltage test circuit. 


Vss 



NOTE 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH V DD AN0V SS 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
V D D 08 V SS 



TEST CONDITIONS 
TEST PIN 15 POINT A 
'PHZ Vss Vss 

*PLZ VqD VDD 

*PZL VDD VDD 

<PZH VSS VSS 



Fig. 14 — Disable delay times test circuit and waveforms. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as 
indicated. Grid graduations are in mils (10~^ inch.) 

The photograph and dimensions represent a chip 
when it is part of the wafer. When the wafer is cut 
into chips the cleavage angles are 57° instead of 
90° with respect to the face of the chip. Therefore, 
the isolated chip is actually 7 mils (0.17 mm) 
larger in both dimensions. 


Fig. 13 — Input leakage current test circuit. 


50 40 SO *0 TO 80 90 93 



Dimensions and Pad Layout for CD4502BH 
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CD4503B Types 
COS/MOS Hex Buffer 

High-Voltage Types (20-Volt Rating) 
3-State Non-Inverting Type 


The RCA-CD4503B is a hex noninverting 
buffer with 3-state outputs having high sink- 
and source-current capability. Two disable 
controlsare provided, one of which controls 
four buffers and the other controls the 
remaining two buffers. The CD4503B types 
are supplied in 16-lead hermetic dual-in- 
line ceramic packages (D and F suffixes), 
1 6-lead dual-in-line plastic packages (E suf- 
fix), 1 6-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 


Features: 

■ 1 TTL-load output drive capability 

■ 2 output-disable controls 

■ 3-state outputs 

■ Pin compatible with industry types MM80C97, 

MCI 4503, and 340097 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Maximum input current of 1 pA at 18 V over full 
package-temperature range; 100 n A at 18 V and 25°C 

■ Meets all requirements of JEDEC 
Tentative Standard No. 13A, “Standard 
Specifications for Description of ‘B’ 

Series CMOS Devices” 

Applications: 

■ 3-state hex buffer for interfacing IC’s 
with data buses 

■ COS/MOS to TTL hex buffer 


2(4,6,10,12, 14) 



J 

h-f 3(5,7,9,11,13) 
W- 

’’’j °N-^ 


"ALL INPUTS PROTECTED 
BY COS/MOS PROTECTION 
NETWORK 


Fig. 1— Logic diagram of 1 to 6 identical buffers. 


On 

DISA(B) 

Qn 

0 

i 

X 

0 

0 

1 

0 

1 

HIGH Z 


DISABLE TO OTHER 

BUFFERS v DD 



MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V D D/ 

(Voltages referenced to Vgs Terminal) —0.5 to + 20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANYONE INPUT ±10mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T a = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T a = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°Cto 200 mW 

For T A = -55 to + 100°C (PACKAGE TYPES D, F) 500 mW 

For T a = +100 to + 1 25°C (PACKAGE TYPES D,F) Derate Linearly at 12 mW/°Cto 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For T A = FULL PACKAGE-TERMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, H —55 to + 125°C 

PACKAGE TYPE E —40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 





D| 2 

' 

3 q , 

02 4 


LI Q2 

03 6 

£r— 




-9q 4 

04 — 




psl 

—05 

05 — 


Jlos 


— 


DISABLE— 
I6*V DD 1 

B.V SS »7Cs- : 


FUNCTIONAL DIAGRAM 



6 : 7 8 9 IO 

DRAIN -TO- SOURCE VOLTAGE ( V D d -V 

92CS-32734 

Fig. 2— Typical n-channel output low (sink) 
current characteristics. 



DRAIN -TO- SOURCE VOLTAGE <V DS )-V 

92CS- 32733 

Fig. 3 — Minimum n-channel output low (sink) 
current characteristics. 



TOP VIEW 

92C3-3239I 


TERMINAL ASSIGNMENT 
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CD4503B Types 


STATIC ELECTRICAL CHARACTERISTICS 

“ LIMITS AT INDICATED TEMPERATURES (°C) I u 

CHARAC- CONDITIONS Values at -55, + 25, + 125 Apply to D,F,H Packages N 
TERISTIC Values at —40, + 25, + 85 Apply to E Package I 

Vo I V|N I Vdd I I +25 g 

(V) (V) (V) —55 —40 +85 +125 1 Min. Typ. | Max.| 


DRAIN -TO -SOURCE VOLTAGE ( V os )- V 






AMBIENT TEMPERATURE (T A )-23*Ct 


92CS-32736 

Fig. 4— Typical p-channel output high (source) 
current characteristics. 


Output 
High 
(Source) 
Current, 
IQH Min. 
Output 
Voltage: 
Low- 
Level, 
Vql Max 


CHARACTERISTIC 

LIMITS 

UNITS 

Min. 

Max. 

Supply-Voltage Range (For 
Ta = Full Package- 
Temperature Range) 

3 

18 

V 


92CS-32739 

Fig. 7— Typical transition time as a function 
of load capacitance. 
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CD4503B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C; Input t r , tf = 20 ns, 
C|_ = 50 pF, Rl = 200 k Q unless otherwise specified. 


CHARACTERISTIC 

Propagation Delay Time: 
Low-to-High, tpLH 

High-to-Low, tp^L 


Transition Time: 
Low-to-High, tj|_H 

High-to-Low, Ijhl 


3-State Propagation Delay Time: 
tpHZ^PZH 

tpZL^PLZ 



SB 





Fig. 1 0— Quiescent-device-current test circuit. 



NOTE- 

TEST ANY COMBINATION 
OP INPUTS 


Fig. 11 -Input-voltage test circuit. 


MD- 


-Typical power dissipation as a function 
of frequency. 


Fig. 9— Dynamic power dissipation test circuit. 



MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V DD ANOV ss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vnn OR Vce- 


Fig. 12— Input current test circuit. 


0 10 20 30 40 50 60 70 80 



_ 4-10 

( 0 . 102 - 0 . 254 ) 

78-*86 

( 1 . 981 - 2 . 184 ) 


68-76 

( 1 . 727 - 1 - 930 ) 


Dimensions and pad layout for CD4503BH 


Dimensions m parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are m mils (10~3 inch)'. 

The photographs and dimensions represent 
a chip when it is part of the wafer. When the 
wafer is cut into chips, the cleavage angles 
are 57° instead of 90 with respect to the 
face of the chip. Therefore, the isolated 
chip is actually 7 mils (0.17 mm) larger 
in both dimensions. 




























CD4508B Types 


Features: 


COS/MOS Dual 4-Bit 
Latch 

High-Voltage Types (20-Volt Rating) 

The RCA-CD4508Bdual 4-bit latch contains 
two identical 4-bit latches with separate 
STROBE, RESET, and OUTPUT DISABLE 
controls. With the STROBE line in the high 
state, the data on the "D" inputs appear at 
the corresponding "Q" outputs provided the 
DISABLE line is in the low state. Changing 
the STROBE line to the low state locks the 
data into the latch. A high on the reset line 
forces the outputs to a low level regardless of 
the state of the STROBE input. The outputs 
are forced to the high-impedance state for 
bus line applications by a high level on the 
DISABLE input. 

The CD4508B types are supplied in the 24- 
lead dual-in-line ceramic packages (D and F 
suffixes), 24-lead dual-in-line plastic pack- 
ages (E suffix), 24-lead ceramic flat pack- 
ages (K suffix), and in chip form (H suffix). 

The CD4508B is similar to industry type 
MCI 4508. 


■ Two independent 4-bit latches 

■ Individual master reset for each 4-bit latch 

■ 3-state outputs with high-impedance state for bus 
line applications 

■ Medium-speed operation: tp|_||_ = tpLH = 70 ns 
(typ.) at Vqd = 10 V and C|_ = 50 pF 

■ 100% tested for quiescent current at 20 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Standardized, symmetrical output characteristics 

■ Maximum input current of 1 pfk at 18 V 
overfull package-temperature range; 

100 nA at 18 V and 25°C 

■ Noise margin (full package-temperature 
range) = 

1 V at V DD = 5 V 

2 V at V DD = 10 V 
2.5 Vat V DD = 15 V 

■ Meets all requirements of JEDEC Tenta- 
tive Standard No.13A, "Standard Speci- 
fications for Description of 'B' Series 
CMOS Devices" 


Applications: 

■ Buffer storage 

■ Holding registers 

■ Data storage and multiplexing 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE. (V DD ) 

(Voltages referenced to V$s Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For Ta = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For Ta = -55 to +100°C (PACKAGE TYPES D,F) 500 mW 

For Ta = +100 to +125°C (PACKAGE TYPES D, F) . . . Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch < 1 .59 ± 0.79 mm) from case for 1 0 s max +265°C 


RECOMMENDED OPERATING CONDITIONS at Ta = 25°C, Except as Noted. For maximum 
reliability, nominal operating conditions should be selected so that operation is always within the 
following ranges: 


CHARACTERISTIC 

VDD 

(V) 

LIMITS 

UNITS 

Min. 

Max. 

Supply-Voltage Range (For Ta = Full Package- 





Temperature Range) 






5 

200 

- 


Reset Pulse Width, tw(R) 

10 

140 

- 



15 

100 

- 



5 

140 

- 


Strobe Pulse Width, tw(st) 

10 

80 

- 



15 

70 

- 








5 

50 

- 


Setup Time, tgu 

10 

30 

- 



15 

20 

- 



5 

0 

- 


Hold Time, t^ 

10 

0 

- 



15 

0 

- 




92CS -27494R I 


FUNCTIONAL DIAGRAM 



Fig.2 — Typical output low (sink) current 
characteristics. 



DRAIN -TO- SOURCE VOLTAGE (V DS )-V 



Fig. 4 — Typical output high ( source ) current 
characteristics. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C; Input t r , tf = 20 ns, Cl = 50 pF, 
Rl = 200 k£2, unless otherwise specified. 


CD4508B Types 


CHARACTERISTIC 

TEST 


LIMITS 

UNITS 

CONDITIONS 

VDD 

Typ. 

Max. 



5 

100 

200 


Transition Time, tjHL.tTLH 


10 

50 

100 




15 

40 

80 




5 

. 100 

200 


Minimum Reset Pulse Width, ty\/(R) 


10 

70 

140 



15 

50 

100 




5 

70 

140 


Minimum Strobe Pulse Width, %( st j 


10 

40 

80 



15 

35 

70 




5 

25 

50 


Minimum Setup Time, tgy 


10 

15 

30 




15 

10 

20 




5 

0 

0 


Minimum Hold Time, t|_| 


10 

0 

0 



15 

0 

0 


Propagation Delay Times: tppjL'tPLH 


5 

130 

260 


Strobe to Data Out 


10 

70 

140 




15 

50 

100 

ns 



5 

105 

210 

Data In to Data Out 


10 

60 

120 




15 

45 

90 




5 

90 

180 


Reset to Data Out 


10 

50 

100 




15 

40 

80 


3-State Propagation Delay Times: 


5 

10 

90 

50 

180 

100 


Output High to High Impedance, tpyz 


15 

35 

70 




5 

90 

180 


High Impedance to Output High, tp^H 


10 

50 

100 




15 

35 

70 




5 

90 

180 


Output Low to High Impedance, tpLZ 


10 

50 

100 




15 

35 

70 




5 

90 

180 


High Impedance to Output Low, tp^L 


10 

50 

100 




15 

35 

70 


Input Capacitance, C| (\j 

Any Input 

- 

5 

7.5 

pF 


Dn 

INPUT 


RESET 


OUTPUT 
DISAB LE 


Qn OUTPUT. 



Fig. 12 — Test waveforms. 



Fig.9 — Power dissipation test circuit. 



Fig. 10— Quiescent device 
current test circuit. 


Vss 




NOTE : 

TEST ANY COMBINATION 
OF INPUTS 

^2CS-Z744IRI 


Fig. 11 — Input voltage test circuit. 


MD* 

Vss 


XV 


NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V DD AND V ss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
V DD m V SS 


Fig. 13 — Input current test circuit. 
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CD4508B Types 



Fig. 14 — Output disable test circuit and waveforms. 
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CD4510B, CD4516B Types 


COS/MOS Presettable 
Up/Down Counters 

High-Voltage Types (20-Volt Rating) 

CD4510B BCD Type 

CD4516B Binary Type 

The RCA-CD4510B Presettable BCD Up/Down 
Counter and the CD4516 Presettable Binary 
Up/Down Counter consist of four synchron- 
ously clocked D-type flip-flops (with a gating 
structure to provide T-type flip-flop capa- 
bility) connected as counters. These counters 
can be cleared by a high level on the RESET 
line, and can be preset to any binary number 
present on the jam inputs by a high level on 
the PRESET ENABLE line. The CD4510B 
will count out of non-BCD counter states in a 
maximum of two clock pulses in the up 
mode, and a maximum of four clock pulses 
in the down mode. 

If the CARRY-IN input is held low, the 
counter advances up or down on each 
positive-going clock transition. Synchronous 
cascading is accomplished by connecting all 
clock inputs in parallel and connecting the 
CARRY-OUT of a less significant stage to 
the CARRY-IN of a more significant stage. 

The CD451 OB and CD451 6B can be cascaded 
in the ripple mode by connecting the CAR RY- 
OUT to the clock of the next stage. If the 
UP/DOWN input changes during a terminal 
count, the CARRY-OUT must be gated with 
the clock, and the UP/DOWN input must 
change while the clock is high. This method 
provides a clean clock signal to the subse- 
quent counting stage. (See Fig. 15). 

These devices are similar to types MC14510 
and MC14516. 

The CD4510B and CD4516B Series types 
are supplied in 16-lead hermetic dual-in- 
line ceramic packages (D and F suffixes), 
16-leaddual-in-line plastic packages (E suf- 
fix), 16-lead ceramic flat packages (k suffix), 
and in chip form (H suffix). 



CARRY OUT 

vss— 1 


92CS-270I5 

CD4510B, CD4516B 
TERMINAL ASSIGNMENT 


Features: 

■ Medium-speed operation -- 
f^L = 8 MHz typ. at 10 V 

■ Synchronous internal carry propagation 

■ Reset and Preset capability 

■ 100% tested for quiescent current at 20 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Standardized symmetrical output characteristics 

■ Maximum input current of 1 pA at 18 V 
over full package temperature range; 

100 nA at 18 V and 25°C 

■ Noise margin (full package-temperature 

range) • 1 V at Vqq = 5 V 

2 Vat V DD = 10 V 
2.5 Vat V dd = 15 V 

a Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 


PRESET 



CD4510B, CD4516B 
FUNCTIONAL DIAGRAM 

92CS-24824 


Applications: 

■ Up/Down difference counting 

■ Multistage synchronous counting 

■ Multistage ripple counting 

■ Synchronous frequency dividers 


OPERATING CONDITIONS AT T A = 25° C, Unless Otherwise Specified 

For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges. 


Characteristic 

V DD 

Min. 

Max. 

Units 

Supply Voltage Range (At T A = Full Package-Temperature Range) 


3 

18 

V 

Clock Pulse Width, tyy 

5 

' 10 

15 

150 

75 

60 

- 

ns 

Clock Input Frequency, fQ(_ 

5 

10 

15 

- 

2 

4 

5.5 

MHz 

Preset Enable or Reset Removal Time* 

5 

10 

15 

150 

80 

60 

- 

ns 

Clock Rise and Fall Time, t r CL, tfCL* 

5 

10 

15 

- 

15 

5 

5 

ps 

Carry-In Setup Time, tg 

5 

10 

15 

130 

60 

45 

- 

ns 

Up-Down Setup Time, tg 

5 

10 

15 

360 

160 

110 

- 

ns 

Preset Enable or Reset Pulse Width, tyy 

5 

10 

15 

220 

100 

75 

- 

ns 


•Time required after the falling edge of the reset or preset enable inputs before the rising edge 
of the clock will trigger the counter (similar to setup time). 


*lf more than one unit is cascaded in the parallel clocked application, t r CL should be made less 
than or equal to the sum of the fixed propagation delay at 1 5 pF and the transition time of the 
carry output driving stage for the estimated capacitive load. 
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CD4510B, CD4516B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V QD ) 

(Voltages referenced to V$s Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T a = +60 to +85°C (PACKAGE TYPE E) ..... Derate Linearly at 12 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D,F) . 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D, F) . . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 


OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D, F, H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65to+l50°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch ( 1 .59 ± 0.79 mm) from case for 1 0 s max +265°C 


PI* 01 P2* Q2 P3* Q3 P4* Q4 

4 6 12 II 13 14 3 2 



92CL— 27003R2 

Fig. 3 — Logic Diagram for CD4510B. 



Fig. 5 — Minimum output high (source) current Fig. 6 — Typical transition time vs. load 

characteristics. capacitance. 



0 5 10 15 

DRAIN -TO -SOURCE VOLT'AGE (Vps> — v 


Fig. 1 — Typical output low (sink) current 
characteristics. 



0 5 10 15 

DRAIN -TO- SOURCE VOLTAGE (Vqs) — v 


Fig. 2 — Minimum output low (sink) current 
characteristics. 



Fig.4 — Typical output high (source) current 
characteristics. 



Fig. 7— Typical propagation delay time vs. 
load capacitance for clock-to-Q 
outputs. 
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CD4510B, CD4516B Types 


STATIC ELECTRICAL CHARACTERISTICS 


I AMBIENT TEMPERATURE (T A ) = 25°C’ 
LOAD CAPACITANCE (C L ) * 50 pF 


CHARACTER- 


LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS Values at -55, +25, +125 Apply to D,F,H Packages 
Values at -40, +25, +85 Apply to E Package 


ISTIC 

Vo 

V|N 



+25 


(V) 

(V) 

(V) 

-55 

- 40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 


0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

Current, 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

IqD Max. 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 


- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

(Sink) Current 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

IqL Min. 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

Output High 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

(Source) 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

Current, 

1 /-mi Min 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

•UM mm * 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 


Output Voltage: 
Low-Level, 
VoL Max. 

Output Voltage: 
High-Level, 

Vqh Min. 

Input Low 
Voltage. 

V|L Max. 

Input High 
Voltage, 

V|H Min. 

Input Current 
1 1 |sj Max. 


0.5, 4.5 

_ 

5 

3.5 

3.5 

- 

- 

1. 9 

- 

10 

7 

7 

- 

— 

1.5,13.5 

- 

15 

11 

11 

- 

- 

- 

0,18 

18 

±0.1 ±0.1 ±1 ±1 

- 

±10~ 5 

±0.1 



ALL INPUTS 1 

PROTECTED BY 
COS/MOS V SS 

PROTECTION NETWORK. 


SUPPLY VOLTS — VDD 92CS-27006 

Fig. 8 - Typical maximum clock input frequency 
vs. supply voltage. 



CLOCK INPUT FREQUENCY (f cl)~ kHz 92CS-27007 

Fig. 9 — Typical dynamic power dissipation 
vs. frequency. 



Fig. 11 — Quiescent-device-cur- 
rent test circuit. 


Vss 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V DD AND V ss - 
CONNECT ALL UNUSED 
INPUTS TO EITHER 


Fig. 10 — Logic Diagram for CD4516B. 


Fig. 12 — Input-current 
test circuit. 
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CD4510B, CD4516B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, C L = 50 pF, 
Input t r , tf = 20 ns, Rj_ = 200 k£7 



Condit- 


Limits 



Characteristic 

ions 

V DD 

(V) 

All Packages 

Units 


Min. 

Typ. 

Max. 


Propagation Delay Time (tp|_|L» tPLH^ 

5 


200 

400 


Clock-to-Q Output {See Fig. 10) 

10 

- 

100 

200 

ns 


15 

- 

75 

150 



5 

- 

210 

420 


Preset or Reset-to-Q Output 

10 

- 

105 

210 

ns 


15 

- 

80 

160 



5 

- 

240 

480 


Clock-to-Carry Out 

10 

- 

120 

240' 

ns 


15 

- 

90 

180 



5 

- 

125 

250 


Carry-ln-to-Carry Out 

10 

- 

60 

120 

ns 


15 

- 

50 

100 



5 

- 

320 

640 


Preset or Reset-to-Carry Out 

10 

- 

160 

320 

ns 


15 

- 

125 

250 



5 

- 

100 

200 


Transition Time (tjHL« tTLH) (See Fig. ^ 

10 

- 

50 

100 

ns 


15 

- 

40 

80 



5 

2 

4 

- 


Max. Clock Input Frequency (fciJ 

10 

4 

8 

- 

MHz 


15 

5.5 

11 

- 


Input Capacitance (Cj (\| ) 


- 

5 

7.5 

pF 



Fig. 13 — Input-voltage 
test circuit. 



J»-20 ns 
' V DD 


— '’"NT 0 

m \ j °*. 

L VARIABLE 

” WIDTH 


92CM-270I2 

Fig. 14 - Power-dissipation test circuit and 
input waveform. 


"PARALLEL CLOCKING* 


UP/DOWN 


CLOCK 

RESET 

UP/DOWN 

PRESET 

ENABLE 


CLOCK 


RESET 



RIPPLE CLOCKING MODE • 

THE OP/DOWN CONTROL CAN BE CHANGED AT ANY COUNT . THE ONLY RESTRICTION ON CHANGING 
THE UP/DOWN CONTROL IS THAT THE CLOCK INPUT TO THE FIRST COUNTING STAGE MUST BE “HIGH". 


Fig. 15 — Cascading counter packages. 
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CD4510B, CD4516B Types 


CLOCK 

CARRY iN 

UP/DOWN 

RESET 

PE 

PI 

PE, 

P3 

P4 

0 1 
Q 2 ! 
03 

Q4 

X 

n- 

X 


“U 

Xj 

X 

X 

1_ 

tJ 

u 

u 

“LJ 

“L 

u 

tJ 

“L 

tJ 

X 

r~ 

“L 

1 
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TJ 
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CARRY OUT 

COUNT 

0 

’ 

2 

3 

4 

5 

6 

7 

Q 

LT 

9 

6 

7 

6 

5 

4 

3 

2 

1 

0 

l_ 

0 

9 

6 

7 

0 


Fig. 16 - Timing Diagram for CD4510B. 


CLOCK 

CARRY IN 
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PE 

PI 
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Ql 
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04 

“L 

TJ 
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Fig. 17 — Timing diagram for CD4516B. 


ANALOG 

DATA 

INPUTS 



ENABLE 9JCS-270I4 


PARALLEL 

DATA 

OUTPUTS 


This acquisition system can be operated in 
the random access mode by jamming in 
the channel number at the present inputs, or 
in the sequential mode by clocking the 
CD4516B. 


Fig. 18— Typical 16-channel, 10-bit data aquisition system. 


CL 

Cl 

U/D 

PE 

R 

ACTION 

X 

1 

X 

0 

0 

NO COUNT 

s 

0 

1 

0 

0 

COUNT UP 

I 

0 

0 

0 

0 

COUNT DOWN 

X 

X 

X 

1 

0 

PRESET 

X 

X 

X 

X 

1 

RESET 


X = DONT CARE 


TRUTH TABLE 



97- 105 

(2.464-2.667) 


92 CS- 2 7037 R I 


Dimensions and Pad Layout for CD4510BH. 


0 10 20 30 4 0 50 60 70 6083 



L 80 - 88 J 

~ (2 032-2.235) \ 

Dimensions and Pad Layout for CD4516BH. 

The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0.17 mm) larger in both dimensions. 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils ( 10~ ^ inch). 
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CD4511B Types 


COS/MOS BCD-to-7-Segment 
Latch Decoder Drivers 

High-Voltage Types (20-Volt Rating) 


0 12 3 4 5 6 7 


The CD451 IB types are BCD-to-7-segment 
latch decoder drivers constructed with COS/ 
MOS logic and n-p-n bipolar transistor out- 
put devices on a single monolithic structure. 
These devices combine the low quiescent 
power dissipation and high noise immunity 
features of RCA COS/MOS with n-p-n bi- 
polar output transistors capable of sourcing 
up to 25 mA. This capability allows the 
CD4511B types to drive LED's and other 
displays directly. 

Lamp Test (CT), Blanking (BL), and Latch 
Enable or Strobe inputs are provided to test 
the display, shutoff or intensity-modulate it, 
and store or strobe a BCD code, respectively. 
Several different signals may be multiplexed 
and displayed when external multiplexing 
circuitry is used. The CD451 1 B is supplied 
in 16-lead hermetic dual-in-line ceramic 
packages (D and F suffixes), 16-lead dual- 
in-line plastic packages (E suffix), 16-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 

These devices are similar to the type 
MCI 4511. 



TOP VIEW 

92CS-25084RI 

CD4511B 

TERMINAL ASSIGNMENT 


Features: 

■ High-output-sourcing capability up to 25 mA 

■ Input latches for BCD Code storage 

■ Lamp Test and Blanking capability 

■ 7-segment outputs blanked for BCD input codes > 1001 

■ 100% tested for quiescent current at 20 V 

■ Max. input current of 1 pA at 1 8 V, over Apph 

full package-temperature range, 100 nA ■ Driv 

at18Vand25°C ■ Mull 

■ 5-V, 10-V, and 15-V parametric ratings disp 



Applications: 

■ Driving common-cathode LED displays 

■ Multiplexing with common-cathode LED 
displays 

■ Driving incandescent displays 

■ Driving low-voltage fluorescent displays 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V qq) 

(Voltages referenced to Vgs Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A - +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D,F) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D, F) . . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, H -55 to +125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch (1 .59 ± 0.79 mm) from case for 1 0 $ max +265°C 


OPERATING CONDITIONS AT T A = 25°C Unless Otherwise Specified 

For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges 

Characteristic ^DD Min. 


Supply-Voltage Range (T A ): 

(Full Package-Temperature Range) 

Set-Up Time (tg) 


Hold Time (t^j) 


Strobe Pulse Width (tyy) 


D 

Q 

> 

Min. 

Max. 

Units 

- 

3 

18 

V 

5 

150 

- 

ns 

10 

70 

- 

ns 

15 

40 

- 

ns 

5 

0 

- 

ns 

10 

0 

- 

ns 

15 

0 

- 

ns 

5 

400 

- 

ns 

10 

160 

- 

ns 

15 

100 

- 

ns 
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CD4511B Types 


STATIC ELECTRICAL CHARACTERISTICS 



Conditions 

Limits at Indicated Temperatures (°C) j 








Values at — 
Values at - 

55, +25, +125 for D, F, H Packages 
40, +25, +85 for E Packages 


Units 

Characteristic 

O 

X 

v 0 

V IN 

O 

Q 

> 





+25 


(mA) 

(V) 

(V) 

(V) 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 


Quiescent Device 

- 

- 

- 

5 

5 

5 

150 

150 

- 

0.04 

5 


Current: 1 qq 

Max. 

- 

- 

- 

10 

10 

10 

300 

300 

- 

0.04 

10 

pA 

- 

- 

- 

15 

20 

20 

600 

600 

- 

0.04 

20 

_ 

- 

- 

20 

100 

100 

3000 

3000 

- 

0.08 

100 


Output Voltage: 



0.5 

5 

0.05 


0 

0.05 


Low-Level Vq[_ 



0,10 

10 

0.05 

- 

0 

0.05 

V 

Max. 

- 


0,15 

15 

0.05 

- 

0 

0.05 




- 

0,5 

5 

4 

4 

4.2 

4.2 

4.1 

4.55 

- 


High-Level Vq H 



0,10 

10 

9 

9 

9.2 

9.2 

9.1 

9.55 

- 

V 

Min. 



0.15 

15 

14 

14 

14.2 

14.2 

14.1 

14.55 

- 


Input Low 

Voltage, V ( L 


0.5, 3.8 


5 

1.5 



1 .5 



1,8.8 


10 

3 

- 

- 

3 

V 

Max. 


1.5,13.8 


15 

4 

- 

- 

4 


Input High 


0.5, 3.8 


5 

3.5 

3.5 

- 

- 


Voltage, Vj^ 

- 

1,8.8 


10 

7 

7 

- 

- 

V 

Min. 


1.5,13.8 


15 

11 

11 

- 

- 



0 





4.0 

4.0 

4.20 

4.20 

4.10 

4.55 

- 



5 








- 

- 

4.25 

- 



10 





3.80 

3.80 

3.90 

3.90 

3.90 

4.10 

- 

V 


15 







3.50 

3.50 

- 

3.95 

- 



20 





3.55 

3.55 



3.40 

3.75 

- 



25 





3.40 

3.40 


- 

3.10 

3.55 

- 



0 





9.0 

9.0 

9.20 

9.20 

9.10 

9.55 

- 


Output Drive 

5 








- 

- 

9.25 

- 


Voltage: 

10 





8.85 

8.85 

9.00 

9.00 

9.00 

9.15 

- 

V 

High Level Vqh 

15 

- 


10 


- 

- 

- 

- 

9.05 

- 

Min. 

20 





8.70 

8.70 

8.40 

8.40 

8.60 

8.90 

- 



25 





8.60 

8.60 

- 

- 

8.30 

8.75 

- 



0 

- 




14.0 

14.0 

14.20 

14.20 

14.10 

14.55 

- 



5 

- 

- 




- 

- 

- 

- 

14.30 

- 



10 

- 

- 

1 

5 

13.90 

13.90 

14.0 

14.0 

14.0 

14.20 

- 

V 


15 

- 



- 

- 

- 

- 

- 

14.10 

- 


20 

- 

- 



13.75 

13.75 

13.50 

13.50 

13.70 

13.95 

- 



25 

- 

- 



13.65 

13.65 

- 

- 

13.50 

13.80 

- 


Output Low 
(Sink) Current, 


0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 


mA 

'OL 

- 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

Min. 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 


Input 

Current, 1,^ 

Max. 

- 

0,18 

0,18 

18 

±0.1 

±0.1 

+ 1 

±1 

- 

±10- 5 

±0.1 

pA 


Al 

< : - 

f "" 

.5*30 - 

•IE NT 

TEMPI 

RAT 

LIRE (T 

A)-2»* 

|l 

in 

!»:: 

c 

2 2°:: 
Z - - 

E ■*:: 

I 

l 

ATE- 

I 

TO-SC 

~io'v': 

URCE V< 

3LTAGE ( V(j3> 

II 

> 

0 :: 

10 :: 
3 :: 

1 

1 

-sv::: 

m 


III 


Hi 

nil 


0 5 10 13 


DRAIN -T0-S0URCE VOLTAGE (Vos)— V 92CS ' 

Fig. 1 — Typical output tow (sink) current 
characteristics. 



Fig. 2 — Typical data-to-output, low-to-high-level 
propagation delay time as a function of 
load capacitance. 



Fig. 3 — Typical data-to-output, high-to-low-level 
propagation delay time as a function of 
load capacitance. 



Fig. 4 — Typical low-to-high-level transition time as 
a function of load capacitance. 
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CD4511B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r . t f = 20 ns, 
C L = 50 pF, R l = 200 kft 


CHARACTERISTIC 

Test 

Conditions 

LIMITS 

All Packages 

UNITS 

V DD 

Volts 

Min. 

Typ. 

Max. 

Propagation Delay Time: 

5 

- 

520 

1040 


(Data) 

10 

- 

210 

420 


High-to-Low Level, tp|_j j_ 

15 

- 

150 


HI 


5 

- 

660 



Low-to-High Level, tp|_|_j 

10 

- 

260 




15 

- 

180 


mm 

Propagation Delay Time: 

5 


350 

700 

Hi 

1 (BL) 

10 

■ 

175 

350 


High-to-Low Level, tp^L 

15 

m 

125 

250 

Ml 


5 

- 

400 

H9 


Low-to-High Level, tp|_j_| 

10 

- 

175 

350 

ns 


15 

- 

150 

300 


Propagation Delay Time: 

5 

- 

250 

MR 

p| 

(LT) 

10 

- 

125 

mm 


High-to-Low Level, tpp|j_ 

15 

- 

85 


H 


5 

- 

150 


■ | 

Low-to-High Level, tp^n 

10 

- 

75 

■IHIBSI 



15 

- 

50 

100 


Transition Time: 

5 

- 

40 

80 



10 

- 

30 

60 

ns 

Low-to-High Level, t-p^H 

15 

- 

25 

50 



5 

- 

125 

310 



10 

- 

75 

185 

ns 

High-to-Low Level, tym_ 

15 

- 

65 

160 



5 

150 

75 

_ 


Minimum Set-Up Time, tg 

10 

70 

35 

- 

ns 


15 

40 

20 

- 



5 

0 

-75 

_ 


Minimum Hold Time, tp| 

10 

0 

-35 

- 

ns 


15 

0 

-20 

- 



5 

400 

200 

- 


Strobe Pulse Width, tyy 

10 

160 

80 

- 

ns 


15 

100 

50 



Input Capacitance, C||\j 


- 

5 

7.5 

PF 



Fig. 5 - Typical high-to-low transition time as a 
function of load capacitance. 



SUPPLY VOLTAGE -OUTPUT DRIVE VOLTAGE ( V D d-VOH)-V 
9HCS- 27081 

Fig. 6 - Typical voltage drop (V DD to output) vs. 
output source current as a function of 
supply. 



Fig. 7 — Typical dynamic power dissipation characteristics. 
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CD4511B Types 




Vss 


TRUTH TABLE 


LE 

Bl 

LT 

D 

C 

B 

A 

a b 

c 

d 

e 

f g 

Display 

X 

X 

0 

X 

X 

X 

X 

1 1 

1 

1 

. 

1 1 

B 

X 

0 

1 

X 

X 

X 

X 

0 0 

0 

0 

0 

0 0 

Blank 

0 

1 


0 

0 

0 

0 

' 1 

’ 

’ 

1 

1 0 

0 

0 

1 

1 

0 

0 

0 

1 

0 1 

1 

0 

0 

0 0 

1 

0 

1 

1 

0 

0 

1 

0 

• 1 

0 

1 

. 

0 1 

B 

0 

1 

1 

0 

0 

1 


1 1 

1 

1 

0 

0 1 

3 

0 

1 

1 

0 

1 

0 

0 

0 1 

1 

0 

0 

1 1 

H 

0 

1 

1 

0 

1 

0 

1 

1 0 

1 

1 

0 

1 1 

5 

0 

1 

1 

o' 

1 

1 

0 

0 0 

1 

1 

1 

1 1 

b 

0 

1 

1 

0 

1 

1 

1 

1 1 

1 

0 

0 

0 0 

7 

0 

1 

1 

1 

0 

0 

0 

1 1 

1 

1 

1 

1 1 

B 

0 


1 

1 

0 

0 

1 

1 1 

1 

0 

0 

1 1 

7 

0 


1 

1 

0 

1 

0 

0 0 

0 

0 

0 

0 0 

Blank 

0 


1 

1 

0 

1 

1 

0 0 

0 

0 

0 

0 0 

Blank 

0 

1 

1 

1 

1 

0 

0 

0 0 

0 

0 

0 

0 0 

Blank 

0 


1 

1 

1 

0 

1 

0 0 

0 

0 

0 

0 0 

Blank 

0 


1 

1 

1 

1 

0 

0 0 

0 

0 

0 

0 0 

Blank 

0 

1 

1 

1 

1 

1 

1 

0 0 

0 

0 

0 

0 0 

Blank 

1 


1 

X 

X 

X 

X 



* 



# 


X = Don't Care * Depends on BCD code previously 
applied when LE = 0 

Note: Display is blank for all illegal inputxodes (BCD > 1001). 



1 f ,t f =20 ns 


S2CS- 27402 

Fig. 11- Input current. 



MEASURE OUTPUT d FOR t pj_ H 

MEASURE OUTPUT g FOR * pn L 92CS-27088RI 


Fig. 12 - Data propagation delay. 


V DD 



Fig. 13 — Dynamic power dissipation. 



90% 

50% 

10% 


1 / 


t! 


,1 f «20 ns 

Fig. 14 — Dynamic waveforms. 


92CS- 25086RI 
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CD4511B Types 


APPLICATIONS 
Interfacing with Various Displays 


fT UDD 

XoD 

8 — 1 

C J 

C 


! 

0— j | 

1 




A medium-brightness intensity display can be 
obtained with low-voltage fluorescent displays 
such as the Tung-Sol Digivac S/G** Series. 
••Trademark Tung-Sol Division Wagner Electric Co. 
Fig. 16 — Driving low-voltage fluorescent displays. 


Duty Cycle = 100% 

IggQ = IdiodE^vq = ^0 m A at Luminous Intensity/Segment = 250 microcandles 

d _ Vqh-v D f 

'SEG 

Fig. 15 — Driving common-cathode 7-segment LED displays (example Hewlet-Packard 5082-7740). 




2 of 7 Segments Shown Connected 
Resistors R from Vqq to each 7-segment driver 
output are chosen to keep all Numitron segments 
slightly on and warm. 

Fig. 17 - Driving incandescent displays (RCA 
Numitron DR 2000 series displays). 



90-98 

(2.286-2.489) 


Multiplexing Scheme Showing 2 of 7 Segments Connected 92 cm- 27087 ri 
Transistors Tj-T 4 (RCA-2N3053 or 2N2102) havel c Max. rating >7xlg EG 

Duty Cycle = 25% 


'SEG 

All unused inputs on CD4555 
are connected to V nn or Vcc. 


4-10 

-(0102-0.254) 

115-123 I 

(2.921- 312 4) H 

92CM- 32873 

Dimensions and pad layout for CD4511B chip. 

The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0.17 mm) larger in bo th dimensions. 


Fig. 18 — Multiplexing with common-cathode 7-segment LED displays (example Hewlet-Packard 5082-7404 
4 character display or 4 discrete Monosanto Man 3 displays). 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils ( 10~ ^ inch). 
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CD4512B Types 


COS/MOS 8-Channel 
Data Selector 

High-Voltage Types (20-Volt Rating) 

The RCA-CD4512B is an 8-channel data 
selector featuring a three-state output that 
can interface directly with, and drive, data 
lines of bus-oriented systems. 

The CD4512B-series types are supplied in 
1 6-lead hermetic dual-in-line ceramic pack- 
ages (D and F suffixes), 16-lead dual-in-line 
plastic packages (E suffix), 1 6-lead ceramic 
flat packages (K suffix), and in chip form (H 
suffix). 


Features: 

■ 3-state output 

■ Standardized, symmetrical output characteristics 

■ 100% tested for quiescent current at 20 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Maximum input current of 1 pA at 18 V over full package- 
temperature range; 100 n A at 18 V and 25°C 

■ Noise margin (over full package-temperature range): 

1 V at V DD = 5 V 

2 Vat V DD = 10V 
2.5 Vat V DD = 15 V 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 



■ Digital multiplexing 

■ Number-sequence generation 

■ Signal gating 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability , nominal operating conditions should be selected so that 
operation is always within die following ranges: 


CHARACTERISTIC 

LIMITS 

MIN. MAX. 

UNITS 

Supply-Voltage Range (For T ^ = Full Package 
Temperature Range) 

3 

18 

V 



Fig. 1 — Logic diagram. 


oo — i • ^ HT — v 0D 

Dl — 2 19 — 3- STATE DISABLE 

D2 — 3 14 — SEL. OUTPUT 

D3 — 4 13 — C 

D4 — 9 12 — B 

D9 — 6 II — A 

D6 — 7 10 — INHIBIT 

V SS — 1_8 _9j — 07 

TOP VIEW 

92CS-28927 


TERMINAL ASSIGNMENT 


TRUTH TABLE 


SEL. CONT. 

INH 

3-STATE 

SEL 

A 

B 

c 

DISABLE 

OUTPUT 

0 

0 

0 

0 

0 

DO 

1 

0 

0 

0 

0 

Dl 

0 

1 

0 

0 

0 

D2 

1 

1 

0 

0 

0 

D3 

0 

0 

1 

0 

0 

D4 

1 

0 

1 

0 

0 

D5 

0 

1 

1 

0 

0 

D6 

1 

1 

1 

0 

0 

D7 

X 

X 

X 

1 

0 

0 

X 

X 

X 

X 

1 

High Z 


1 = High Level 0 = Low Level 
X = Don't Care 



20 40 60 80 


LOAD CAPACITANCE (Cl.)— pF 
Fig. 2 — Typical transition time as a function 
of load capacitance. 
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CD4512B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to V 35 Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANYONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) Q . 500 mW 

For T a = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 1 2 mW / C to 200 mW 

ForT A = -55 to +100°C (PACK AGE TYPES D, F) q . 500 mW 

For T a = +100 to +125°C (PACKAGE TYPES D, F) . . . Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T a ) ; 

PACKAGE TYPES D, F, H -55 to +125°C 

PACKAGE TYPE E -40 to +85^ 

STORAGE TEMPERATURE RANGE (T stg ) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 


| AMBIENT TEMPERATURE (Ta)*2S*C|4 


H GATE-TO-SOURCE VOLTAGE (V 6 sH5 V 


Fig. 3 — Typical output tow (sink) 
current characteristics. 


I AMBIENT TEMPERATURE <T A ).25*C4 


STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (°C) 

I CHARAC- CONDITIONS Values at -55, +25, +1 25 Apply to D,F,H Packages | 

I TERISTIC Values at —40, +25, +85 Apply to E Package j 

I +25 S 

0 +85 +125 Min. Typ. Max. 

~5 150 150 — 004 5 

10 300 300 - 0.04 10 ^ 

20 600 600 - 0.04 20 

00 3000 3000 - 0.08 100 

61 0.42 0.36 0.51 1 - 


+GATE- TO- SOURCE VOLTAGE (V GS )*I5V4; 




















CD4512B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r ,t f = 20 ns, 
C L = 50pF, R L = 200 k£2 


CHARACTERISTIC 


I0 5 sh AMBIENT TEMPERATURE (T A ) -25*0 - 


Propagation Delay Time, tp^|_, tp[_^ 
Inhibit to Output 


"A" Select to Output 

Data to Output 

3-State Disable Delay Time: 
X PZL' tPLZ' t PHZ' *PZH 

Transition Time, tj^L' *TLH 

Input Capacitance, Cj^ 

(Any Input) 


TEST CONDITIONS 

LIMITS 

V DD 



(V) 

Typ. 

Max. 

5 i 

140 

280 

10 

70 

140 

15 

50 

100 

5 

200 

400 

10 

85 

170 

15 

60 

120 

5 

180 

360 

10 

75 

150 

15 

55 

110 

5 

60 

120 

10 

30 

60 

15 

20 

40 

5 

100 

200 

10 

50 

100 

15 

40 

80 


5 

7.5 





I 10 I0‘ IO J 10“ 

INPUT FREQUENCY (f| N )— kHz 92CS-29859 

Fig. 7 - Typical dyanamic power dissipation 
as a function of frequency. 



LOAD CAPACITANCE (C L ) — pF 


Fig. 8 — Typical propagation delay timeasa function 
of load capacitance (". A " select to output). 


Fig. 9 — Dynamic power dissipation test circuit. 


Fig. 10 — Quiescent device current test circuit. 


Mi>* 

Vss 


NOTE. 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V 00 AND V ss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
v 00 o«v ss . 


Fig. 11 — Input current test circuit. 40 — 



t NOTE- 

Vss TEST ANY COMBINATION 

OF INPUTS 

92CS-2744IRI 


60 70 78 

I I I 



Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~3 inch). 


The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0. 1 7 mm) larger in both dimensions. 


Fig. 12 — Input voltage test circuit. 


Dimensions and pad layout for CD4512BH 
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CD4514B, CD4515B Types 


COS/MOS 4-Bit Latch/4-to-16 


Line Decoders 

High-Voltage Types (20-Volt Rating) 
CD4514B Output "High" on Select 
CD4515B Output “Low” on Select 

The RCA-CD4514B and -CD4515B consist 
of a 4-bit strobed latch and a 4-to- 16-line 
decoder. The latches hold the last input data 
presented prior to the strobe transition from 
1 to 0. Inhibit control allows all outputs to 
be placed at 0(CD4514B) or 1(CD4515B) 
regardless of the state of the data or strobe 
inputs. 

The decode truth table indicates all combi- 
nations of data inputs and appropriate se- 
lected outputs. 

These devices are similar to industry types 
MC14514 and MC14515. 

The CD4514B and CD4515B types are 
supplied in 24-lead hermetic dual-in-line 
ceramic packages (D and F suffixes), 24- 
lead dual-in-line plastic packages (E suffix), 
24-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 


Features: 

■ Strobed input latch 

■ Inhibit control 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 /iA at 18 V 
overfull package-temperature range; 

100 nA at 18 V and 25°C 

■ Noise margin (over full package temper- 
ature range): 

1 V at V DD = 5 V 

2 VatVDD = 10 V 
2.5 VatV DD = 15 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Standardized, symmetrical output 
characteristics. 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

■ Digital multiplexing 

■ Address decoding 

■ Hexadecimal/BCD decoding 

■ Program-counter decoding 

■ Control decoder 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgs Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D,F ) 500 mW 

For T a = +100 to +125°C (PACKAGE TYPES D, F) . . . Derate Linearly at 1 2 mW/°C to 200 mW 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T a = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ..... 100 mW 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F„H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch (1 .59 ± 0.79 mm) from case for 10 s max. ....... +265°C 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

VDD 

LIMITS 

UNITS 

(V) 

UEBI 

UQSS 

Supply-Voltage Range (For T A = Full Package- 

1 

•a 

18 

H 

Temperature Range) 



mm 


5 

150 



Data Setup Time, tg 

10 


■ 

ns 


15 





5 

250 



Strobe Pulse Width, tyy 

10 

100 


ns 

15 

75 




V DD* 24 

V SS *I2 


DATA I 
DATA 2 
DATA 3 
DATA 4 
STROBE 



«CS- 24 J9 1 

CD4514B, CD4515B 
FUNCTIONAL DIAGRAM 



Fig. 1 — Typical output low (sink) 
current characteristics. 
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DRAIN-TO- SOURCE VOLTAGE (VdS>— V 


Fig. 2 — Minimum output low (sink) 
current characteristics. 

DR AIN- TO- SOURCE VOLTAGE (V os )—V 



Fig. 3 — Typical output high (source) 
current characteristics. 
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CD4514B, CD4515B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER 


LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS Values at —55. +25, +125 Apply to D,F,H Packages 
Values at —40, +26, +85 Apply to E Package 


ISTIC 

v 0 

V|N 

vdd 

i 

[ +25 


(V) 

(V) 

(V) 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 

- 

0,5 

5 

5 

5 

150 

1 150 

- 

0.04 

5 

Current, 

- 

0,10 

10 

10 

10 

300 

300 

- ' 

0.04 

10 

IqD Max. 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 


- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0 51 

1 

- 

(Sink) Current 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

IqL Min. 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3 4 

6.8 

- 

Output High 

4.6 

0.5 

5 

- 0.64 

- 0.61 

- 0.42 

- 0.36 

- 0.51 

-1 

- 

(Source) 

2.5 

0.5 

5 

-2 

- 1.8 

- 1.3 

- 1.15 

- 1.6 

- 3.2 

- 

Current, 

1 lj Min 

9.5 

0,10 

10 

- 1.6 

- 1.5 

- 1.1 

- 0.9 

- 1.3 

- 2.6 

- 

'UH mm * 

13.5 

0,15 

15 

- 4.2 

-4 

- 2.8 

- 2.4 

- 3.4 

- 6.8 

- 

Output Voltage: 

- 

0.5 

5 

0.05 

- 

0 

0.05 

Low-Level, 

Vql Max. 

- 

0,10 

10 

0.05 

- 

0 

0.05 


- 

0.15 

15 

0.05 

- 

0 

0.05 

Output Voltage: 

- 

0.5 

5 

4.95 

4.95 

5 

- 

High-Level, 

- 

0,10 

10 

9.95 

9.95 

10 

- 

VoH Min. 

- 

0.15 

15 

14.95 

14.95 

15 

- 

Input Low 

0 . 5 , 4.5 

- 

5 

1.5 

— 

- 

1.5 


Voltage, 
V|(_ Max. 

Input High 
Voltage, 
V|H Min. 

Input Current 
1 1 rs| Max. 


0 . 5 , 4.5 

- 

5 


3.5 

3.5 

- 

- 

1,9 

- 

10 


7 

7 

- 

- 

1 . 5 , 13.5 

”/ 

15 


1 1 

11 

- 

- 

- 

0,18 

18 

± 0.1 

± 0.1 ±1 

±1 

± 10~ 5 

± 0.1 


DRAIN-TO-SOURCE VOLTAGE (V DS I -V 

H5 -10 -5 

AMBIENT TEMPERATURE (T A )-23*C f f f f f f f f f f f f 1 

GATE -TO -SOURCE VOLTAGE (V GS ). - 5 V 






1 i 


Fig. 4 — Minimum output high (source) 
current characteristics. 



LOAD CAPACITANCE (C|_ )-pE 


Fig. 5 — Typical strobe or data propagation delay 
time vs. load capacitance. 



LOAD CAPACITANCE (C|_l-pF 


Fig. 6 — Typical inhibit propagation delay time 
vs. load capacitance. 



Typical low-to-high transition time vs. 
load capacitance. 


Fig. 8 — Typical strobe or data propagation delay 
time vs. supply voltage. 


Fig. 9 — Typical power dissipation vs. frequency. 





CD4514B, CD4515B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C; Input t r , tf = 20 ns, 
C L = 50 pF, R l = 200Kft 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 


VDD 

V 

Typ. 

Max. 

Propagation Delay Time: tppjL, tp|_^ 
Strobe or Data 


5 

10 

15 

485 

185 

135 

970 

370 

270 

ns 

Inhibit 


5 

10 

15 

250 

110 

85 

500 

220 

170 

Transition Time, tji_|_|, tjn(_ 


5 

10 

15 

100 

50 

40 

200 

100 

80 

Minimum Strobe Pulse Width, tyy 


5 

10 

15 

125 

50 

40 

250 

100 

75 

ns 

Minimum Data Setup Time, tg 


5 

10 

15 

75 

35 

20 

150 

70 

40 

ns 

Input Capacitance, C||\j 

Any Input 

- 

5 

7.5 

pF 


V OD 



Fig. 10— Quiescent device current test circuit 



Fig. 11— Input voltage test circuit. 



Fig. 12 — Input current test circuit. 



Fig. 13 — Logic diagram for CD4514B and CD4515B. 
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CD4514B, CD4515B Types 


DECODE TRUTH TABLE (Strobe = 1) 



X = Don't Care Logic 1 = high Logic 0 = low 




TOP VIEW 

92CS- 24554 


CD4514B 

CD4515B 

TERMINAL ASSIGNMENT 



Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils ( 10~ ^ inch). 


The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0.17 mm) larger in both dimensions. 
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CD4517B Types 


COS/MOS Dual 64-Stage 
Static Shift Register 

High-Voltage Types (20-Volt Rating) 


TERMINAL ASSIGNMENT 


The RCA-CD4517B dual 64-stage static shift 
register consists of two independent registers 
each having a clock, data, and write enable 
input and outputs accessible at taps following 
the 16th, 32nd, 48th, and 64th stages. These 
taps also serve as input points allowing data 
to be inputted at the 17th, 33rd, and 49th 
stages when the write enable input is a logic 
1 and the clock goes through a low-to-high 
transition. The truth table indicates how the 
clock and write enable inputs control the 
operation of the CD4517B. Inputs at the 
intermediate taps allow entry of 64 bits into 
the register with 16 clock pulses. The 3-state 
outputs permit connection of this device to 
an external bus. 

The CD4517B is supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
ages (E suffix), 16-lead ceramic flat pack- 
ages (K suffix), and in chip form (H suffix). 


Features: 

■ Low quiescent current — 10 nA/pkg (typ.) 
atV DD = 5V 

■ Clock frequency 12 MHz (typ.) at 

v D d = i° v 

■ Schmitt trigger clock inputs allow operation 
with very slow clock rise and fall times 

■ Capable of driving two low-power TTL loads, 
one low- power Schottky TTL load, or two 
HTL loads 

■ Three-state outputs 

■ 100% tested for quiescent current at 20 V 

■ Standardized, symmetrical output 
characteristics 

■ 5-V, 10-V and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No.13A, “Standard Specifications 
for Description of 'B' Series CMOS Devices" 


14 Q48b 

13 WE B 

12 CL B 

II Q64 B 

10 032b 

9 D B 


1(15)^ 6(10)^ 204)^ 5(11)^ 

WE * 0 — 016 032---048 — 064 

WE- I DI7 033 — D49 — HiZ 

I OF 2 SHIFT REGISTERS. TERM. Nos. 

IN PARENTHESES ARE FOR 2 NO HALF 


TERMINAL ASSIGNMENT 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to V«j§ Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pp): 

For T a = -40 to +60°C (PACKAGE TYPE E) d 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 1 2 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D, F) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D, F) . . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D, F, H -55to+125°C 

PACKAGE TYPE E 40 to +85°C 

STORAGE TEMPERATURE RANGE (T st ) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability , nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

Supply-Voltage Range (For T A = Full Package 
Temperature Range) 


LIMITS 

MIN. 

MAX. 

3 

18 


Applications: 

■ Time-delay circuits 

■ Scratch-pad memories 

■ General-purpose serial shift-register 
applications 


TRUTH TABLE 



X = Don't Care Z = High Impedance 
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CD4517B Types 



STAGE 16 STAGE 32 STAGE 48 STAGE 64 

OUT/IN TAP OUT/IN TAP OUT/ IN TAP OUT/ IN TAP 


92CM- 3I098RI 

Fig. 1 — CD4517B functional block diagram (one half). 



92CL-32763 

Fig. 2—CD4517B logic block diagram (one half). 



Fig. 3— Dynamic test waveforms. 




















CD4517B Types 


STATIC ELECTRICAL CHARACTERISTICS 

F I LIMITS AT INDICATED TEMPERATURES (°C) 


CHARAC- 

TERISTIC 


CONDITIONS 


Values at —55. +25, +125 Apply to D,F,H Packages | 
Values at -40, +25, +85 Apply to E Package 



V n 

Vim 






+25 | 

s 


v O 
(V) 

v IN 
(V) 

w DD 
(V) 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 



- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 


Quiescent 

Device 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

/iA 

Current, 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 


^DD Max. 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 


Output Low 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 


(Sink) Current 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 


IqL Min. 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

1 


4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

m 

wu ifju 1 n iyi 1 

(Source) 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

m 

Current, 

1^.. ( \f\ j n 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

■ 

‘OH lvim - 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

■ 


Output Voltage: 
Low-Level, 
Vql Max. 

Output 

Voltage: 

High-Level, 


Input Low 
Voltage 
V| l Max. 

Input High 
Voltage, 
V | j_| Min. 


- 

0,5 

5 

0.05 

- 

0 

0.05 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 


- 

0,15 

15 

14.95 

14.95 

15 

- 

0.5,4. 5 

- 

5 

1.5 


- 

1.5 


1,9 

1.5,13.5 
0.5, 4,5 
1,9 

1.5,13.5 



DR AIN -TO -SOURCE VOLTAGE (V DS )- 


Fig. 4— Typical n -channel output low (sink) 
current characteristics. 
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DRAIN-TO- SOURCE VOLTAGE (VDS)-V . 9 2CS-2«!i«p 

Fig. 5— Minimum n-channel output low (sink) 
current characteristics. 

DRAIN- TO- SOURCE VOLTAGE (Vncl—V 


< i TEMPERATURE (T A )*25 

Hli | 1 1 | | GATE-TO-SOURCE VOLTAGE 5 ’ll 


Input Current 
l )N Max. 

3-State 
Output 
Leakage 
Current 
•OUT Max- 


±0.1 UiA 


±0.4 pA\ 


Fig. 6— Typical p-channel output high (source) 
current characteristics. 
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Fig. 7— Minimum p-channel output high 
(source) current characteristics. 


AM8IENT TEMPERATURE 

bM 


m 

mil 


O 20 40 60 80 100 

LOAD CAPACITANCE (C L )-pF 

92CS -32761 

Fig. 8— Typical propagation delay time as a 
function of load capacitance. 



LOAD CAPACITANCE (C|_) — pF 


Fig. 9— Typical transition time a a function 
of load capacitance. 




CD4517B Types 




FREQUENCY (f ) KHi 

92CS- 32767 


Fig. 10— Typical power dissipation as a 
function of frequency. 



92CS- 32766 

Fig. 11— Dynamic power dissipation test 
circuit and waveforms. 


V DD 



Fig. 12— Quiescent-device-current test circuit. Fig. 13— Input-voltage test circuit. 



Fig. 14— Input current test circuit. 
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CD4517B Types 



140-148 — 

( 3 . 556 - 3 . 759 ) 


92CM-32762 


Dimensions and pad layout for CD4517B. 

Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimen- 
sions as indicated. Grid graduations are in 
mils (1CT 3 inch). 


The photographs and dimensions represent a 
chip when it is part of the wafer. When the 
wafer is cut into chips, the cleavage angles are 
57° instead of 90 0 with respect to the face of 
the chip. Therefore, the isolated chip is actu- 
ally 7 mils (0. 1 7 mm) larger in both dimensions. 
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CD4518B, CD4520B Types 


COS/MOS Dual Up-Counters 


High-Voltage Types (20-Volt Rating) 

CD4518B Dual BCD Up-Counter 
CD4520B Dual Binary Up-Counter 

The RCA-CD4518 Dual BCD Up-Counter 
and CD4520 Dual Binary Up-Counter each 
consist of two identical, internally synchro- 
nous 4-stage counters. The counter stages are 
D-type flip-flops having interchangeable 
CLOCK and ENABLE lines for incrementing 
on either the positive-going or negative-going 
transition. For single-unit operation the 
ENABLE input is maintained high and the 
counter advances on each positive-going 
transition of the CLOCK. The counters are 
cleared by high levels on their RESET lines. 

The counter can be cascaded in the ripple 
mode by connecting Q4 to the enable input 
of the subsequent counter while the CLOCK 
input of the latter is held low. 


Features: 

■ Medium-speed operation — 

6-MHz typical clock frequency at 10 V 

■ Positive- or negative-edge triggering 

■ Synchronous internal carry propagation 

■ 1 00% tested for quiescent current at 20 V 

■ Maximum input current of 1 /iA at 18 V 
overfull package-temperature range; 

100 nA at 18 V and 25°C 

■ Noise marginfover full package-temperature 
range): 1 V at V DD = 5 V 

2 Vat V DD = 10 V 
2.5 Vat V DD = 15 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Standardized, symmetrical output 
characteristics 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 



Applications: 

■ Multistage synchronous counting 

■ Multistage ripple counting 

■ Frequency dividers 


The CD4518B and CD4520B types are sup- 
plied in 16-lead hermetic dual-in-line cer- 
amic packages (D and F suffixes), 16-lead 
dual-in-line plastic packages (E suffix), 16- 
lead ceramic flat packages (K suffix), and in 
chip form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to V§s Terminal) 


for Description of 'B' Series CMOS Devices" 


TRUTH TABLE 


CLOCK 

ENABLE 

RESET 

ACTION 

J~ 

1 

0 

Increment Counter 

0 


0 

Increment Counter 


X 

0 

No Change 

X 

_r 

0 

No Change 

-T 

0 

0 

No Change 

1 


0 

No Change 

X 

X 

1 

Q1 thru Q4 = 0 


-0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T a = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 1 2 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D.F) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D, F) . . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch ( 1 .59 ± 0.79 mm) from case for 1 0 s max +265°C 


X = Don't Care 


1 = High State 


0 = Low State 


CLOCK A — 1 1< 
ENABLE A- 
QIA — 
Q2A — I 4 
Q3A — | 5 
Q4A- 

RESET A — | 7 

v ss - 


10 


16 — V DD 
15 —RESET B 
14 — Q4B 
13 — Q3B 
12 — Q2B 
1 1 — QIB 

ENABLE B 
CLOCK B 


92CS-245I5 

CD4518B, CD4520B 
TERMINAL ASSIGNMENT 




DRAIN- TO- SOURCE VOLTAGE (V DS )—V 



Fig. 1 — Typical output low ( sink I current 
characteristics. 


Fig. 2 — Minimum output tow (sink) current 
characteristics. 


Fig. 3 — Typical output high ( source ) current 
characteristics. 
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CD4518B, CD4520B Types 

STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 


Quiescent Device 
Current, 

IqD Max- 


Output Low 
(Sink) Current 
Iql Min. 

Output High 
tSource) 
Current, 

Iqh M'n- 

Output Voltage: 
Low-Level, 
Vol Max. 

Output Voltage: 
High-Level, 
Voh Min. 

Input Low 
Voltage, 

V||_ Max. 

Input High 
Voltage, 

V|H Min. 

Input Current 
I iivj Max. 


LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS Values at -55, +25, +125 Apply to D,F,H Packages 
Values at -40, +25, +85 Appl y to E Package 

I V.i. Ivr%r% +25 


(V) 

w in 

(V) 

• uu 

(V) 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

34 

6.8 

- 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

- 

0,5 

5 

0.05 

- 

0 

0.05 

- 

0,10 

10 

0.05 

- 

0 . 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

0.5, 4.5 

- 

5 

1.5 

— 

- 

1.5 


0.5, 4.5 

- 

5 3.5 

3.5 

- 

- 

1,9 

- 

10 7 

7 

— 

_ 

1.5,13.5 

- 

15 11 

11 

- 

- 

- 

0,18 

18 ±0.1 ±0.1 ±1 

±1 

±10~ 5 

±0.1 


DRAIN -TO- SOURCE VOLTAGE (Vos) — 

-15 HO H 

AMBIENT TEMPERATURE (T A )«25»C - m ) | | | | | 

i .ft f H 1 { 1 1 1 1 1 1 I t t II 1 1 1 1 1 1 llj +HWflf 

CATE -TO- SOURCE VOLTAGE (V 6S ). -5 V 


Fig. 4 — Minimum output high ( source ) current 
characteristics. 


AMBIENT TEMPERATURE (T^) • 25 # C | ] j | | | j } * 1 • ' ' ‘ 


■i~- J _L L . il : : ;;;; ii 
TT * : ; ( i : : \ov j* 


10 20 30 40 50 60 70 80 90 100 

LOAD CAPACITANCE (C L )-pF 

92CS- 24507 

Fig. 5 - Typical propagation delay vs. load 
capacitance , dock or enable 
to output. 


AMBIENT TEMPERATURE (T A >*25*; 



LOAD CAPACITANCE (C L )-pF 

92CS- 24321 

Fig. 7 — Typical transition time vs. load 
capacitance. 


„ AMBIENT TEMPERATURE I T 4 )* 25*C • 
| LOAD CAPACITANCE (Cl>* 90 pF j 


SUPPLY VOLTAGE (VoqJ— V 

Fig. 8 — Typical maximum-clock-frequency 
vs. supply voltage. 


10 20 30 40 50 60 70 80 90 100 110 

LOAD CAPACITANCE CC L ) — pF 92cs-2es«« 

Fig. 6 - Typical propagation delay time vs. 
load capacitance, reset to output. 



FREQUENCY (f) — kHi 

Fig. 9 — Typical power dissipation 
characteristics. 
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CD4518B, CD4520B Types 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

V DD 

LIMITS 

UNITS 


(V) 

Min. 

Max. 


Supply Voltage Range (For T A =Full Package- 
Temperature Range) 


3 

18 

V 


5 

400 

- 


Enable Pulse Width, tyy 

10 

200 

- 

ns 

15 

140 

- 



5 

200 

- 


Clock Pulse Width, tyy 

10 

15 

100 

70 

: 

ns 


5 


1.5 


Clock Input Frequency, f^L 

10 

15 

dc 

3 

4 

MHz 


5 


15 


Clock Rise or Fall Time, t r CL or tfCL: 

10 

15 

- 

5 

5 

ps 


5 

250 

- 


Reset Pulse Width, tyy 

10 

15 

110 

80 

- 

ns 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A -25°C; 
Input t r ,tf*20 ns, C L *50 pF, R L *200 K$l 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 



Vdd 







V 

Min. 

Typ. 

Max. 


Propagation Delay Time, tp HL , tpi_j_|: 


5 

- 

280 

560 


Clock or Enable to Output 


10 

15 

- 

115 

80 

230 

160 

ns 



5 

_ 

330 

650 

Reset to Output 


10 

- 

130 

225 




15 

- 

90 

170 




5 

_ 

100 

200 


Transition Time, tj|_u_, t-j-(_|_| 


10 

- 

50 

100 

ns 



15 

- 

40 

80 




5 

1.5 

3 

_ 


Maximum Clock Input Frequency, f 


10 

3 

6 

- 

MHz 


15 

4 

8 

- 




5 


100 

200 


Minimum Clock Pulse Width, tyy 


10 


50 

100 

ns 


15 


35 

70 


Clock Rise or Fall Time, t r or tf: 


5,10 

15 


- 

15 

5 

ps 



5 

- 

125 

250 


Minimum Reset Pulse Width, tyy 


10 


55 

110 

ns 


15 

- 

40 

80 




5 

- 

200 

400 


Minimum Enable Pulse Width, tyy 


10 


100 

200 

ns 


15 | 


70 

140 


Input Capacitance, Cj |\j 

Any Input 



5 

7.5 

pF 

Clock Input Rise or 


5 

- 

- 

15 


Fall Time, t rd , t rcf 


10 

15 

- 

- 

5 

5 

MS 


TEST CIRCUITS 

v 0D 



Fig. 10 — Dynamic power dissipation. 



V D0 

JL 


OUTPUTS 



^ NOTE 

Vcc TEST ANY COMBINATION 

OF INPUTS 


92CS-Z744IRI 


Fig. 11 — Input voltage. 


V DD 



Fig. 12— Quiescent device current test circuit. 


Vdo 

X&- 

Vss 


T 

Vss 


NOTE 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH V 0D AND V S $ 
CONNECT ALL UNUSEO 
INPUTS TO EITHER 
V D0 OR V ss 


92 CS - 2 74 0 2 

Fig. 13 — Input leakage-current test 
circuit. 
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CD4518B, CD4520B Types 



Fig. 14 — Decade counter (CD4518B) logic diagram 
for one of two identical counters. 
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Fig. 15 — Binary counter ( CD4520B ) logic diagram 
for one of two identical counters. 



Fig. 16 — Timing diagrams for CD4518B and CD4520B. 
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CD4518B, CD4520B Types 


CLOCK 



92CM - 240)1 R I 


Fig. 17 — Ripple cascading of four counters with positive edge triggering. 



92CM-243I2RI 


FOR SYNCHRONOUS CASCADING, THE CLOCK TRANSITION 
TIME SHOULD BE MADE LESS THAN OR EQUAL TO THE 
SUM OF THE FIXED PROPAGATION OELAY AT ISpF AND 
THE TRANSITION TIME OF THE OUTPUT DRIVER STAGE 
FOR THE ESTIMATED CAPACITATIVE LOAD. 


Fig. 18 — Synchronous cascading of four binary counters with negative edge triggering. 



Dimensions and pad layout for CD4518BH chip. 


Dimensions and pad layout for CD4520BH chip. 


The photographs and dimensions of each 
COS/MOS chip represent a chip when it 
is part of the wafer. When the wafer is 
Dimensions in parentheses are in millimeters and are cutjnto chips, the cleavage angles are 

derived from the basic inch dimensions as indicated. 57 mstead of 90 with respect to the 

Grid graduations are in mils (10~ 3 inch). face of the chip - Therefore, the isolated 

chip is actually 7 mils (0.17 mm) larger 
in both dimensions. 
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CD4527B Types 


COS/MOS BCD Rate 
Multiplier 

High-Voltage Types (20-Volt Rating) 


The RCA-CD4527B is a low-power 4-bit digi- 
tal rate multiplier that provides an output- 
pulse rate which is the clock-input-pulse rate 
multiplied by 1/10 times the BCD input. For 
example, when the BCD input is 8, there will 
be 8 output pulses for every 10 input pulses. 
This device may be used to perform arith- 
metic operations (add, subtract, divide, raise 
to a power), solve algebraic and differential 
equations, generate natural logarithms and 
trigonometric functions, A/D and D/A con- 
version, and frequency division. 

For fractional multipliers with more than one 
digit, CD4527B devices may be cascaded in 
two different modes: the Add mode and the 
Multiply mode. (See Figs.1 2 and 15). In the 
Add mode, 


Output Rate 
(Clock Rate) 


[~0.1 BCDi + 0.01 BCD2+" 
[0.001 BCD 3 + • • ■ . 


In the Multiply mode, the fraction program- 
med into the first rate multiplier is multiplied 
by the fraction programmed into the second 
one, 

9 4 36 

e.g. — x — = or 36 output 

10 10 100 

pulses for every 100 clock input pulses. 


The CD4527B types are supplied in 16-lead 
ceramic dual-in-line packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
ages (E suffix), 16-lead ceramic flat pack- 
ages (K suffix), and in chip form (H suffix). 


Applications: 

■ Numerical control 

■ Instrumentation 

■ Digital filtering 

■ Frequency synthesis 



Features: 

■ Cascadable in multiples of 4-bits 

■ Set to "9" input and "9" detect output 

■ 100% test for quiescent current at 20 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Standardized, symmetrical output 
characteristics 

■ Maximum input current of 1 juA at 18 V over 
full package-temperature range; 100 nA at 
18 V and 25°C 

■ Noise margin (full package-temperature 

range) = 

1 V at Vdd = 5V 

2 Vat V DD = 10 V 
2.5 Vat V D D = 15 V 

■ Meets all requirements of JEDEC Tentative 
Standard No.13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgs Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 1 2 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D, F) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D, F) . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch ( 1 .59 ± 0.79 mm) from case for 1 0 s max +265°C 



RECOMMENDED OPERATING CONDITIONS AT T A = 25°C, Except as Noted. 

For maximum reliability, nominal operating conditions should be selected so that operation is 
always within the following ranges: 
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CD4527B Types 


STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS Values at -55, +25, +125 Apply to D, F, H Packages 
CHARACTER- Values at -40, +25, +85 Apply to E Package 

ISTIC Iv... IvJ I +25 

Typ. Max. 


V|N V D dL 
(V) (V) 


Quiescent Device 
Current, 

Iqq Max. 


Output Low 
(Sink) Current 


I AMBIENT TEMPERATURE (Ta)*2S*C4 


4 GATE-TO-SOURCE VOLTAGE (V GS M3 V 


jjSl 


llia MU llfll 

ISiBWvCSSi 1 




Output High 
(Source) 
Current, 

Iqh M'n- 

Output Voltage 
Low-Level, 
VOL Max. 

Output Voltage 
High-Level, 
VqH Min. 


Input Low 

0.5, 4.5 

Voltage, 

1,9 

V|L Max. 

1.5,13.5 

Input High 

0.5, 4.5 

Voltage, 

1,9 

V|H Min. 

1.5,13.5 


Hi 


Typical output low (sink) 
current characteristics. 


s»»»! 
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"iisssisssssi; 




DR AIN -TO- SOURCE VOLTAGE (V 0 S>- 


Fig.2 — Minimum output low (sink) 
curren t characteristics. 
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CD4527B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C: 
Input t r ,tf = 20 ns, C|_ = 50 pF, Rl = 200 kJTi 


CHARACTERISTIC 

TEST CONDITIONs| 

LIMITS j 

UNITS 


Vdd 

(V) 

Min. 

Typ. 

Max. 



5 

_ 

110 

220 


Propagation Delay Time, tpHL. tPLH 


10 


55 

110 


Clock to Out 









15 

- 

45 

90 

ns 



5 

- 

150 

300 

Clock or Strobe to Out 


10 

- 

75 

150 




15 

- 

60 

120 


Clock to Inhibit Out 


5 

- 

320 

640 


High Level to Low Level 


10 

- 

145 

290 




15 

- 

100 

200 




5 

- 

250 

500 


Low Level to High Level 


10 

- 

100 

200 




15 

- 

75 

150 




5 

- 

380 

760 


Clear to Out 


10 

- 

175 

350 




15 

- 

130 

260 




5 

- 

300 

600 

ns 

Clock to "9" or "15” Out 


10 

- 

125 

250 




15 

- 

90 

180 




5 

_ 

90 

180 


Cascade to Out 


10 

- 

45 

90 




15 

- 

35 

70 

ns 



5 

- 

130 

260 


Inhibit In to Inhibit Out 


10 

- 

60 

120 




15 

- 

45 

90 




5 

- 

330 

660 


Set to Out 


10 

- 

150 

300 




15 

- 

110 

220 










5 

— 

100 

200 


Transition Time, tj^L, ty|_|_| 


10 

- 

50 

100 




15 

- 

40 

80 




5 

1.2 

2.4 

- 


Maximum Clock Frequency, fQj_ 


10 

2.5 

5 

- 

MHz 



15 

3.5 

7 

- 




5 

- 

165 

330 


Minimum Clock Pulse Width, tyy 


10 

- 

85 

170 

ns 



15 

- 

50 

100 




5 

- 

- 

15 


Clock Rise or Fall Time, t r pj , tfpi 


10 

- 

- 

15 

ps 



15 

- 

- 

15 




5 

- 

80 

160 


Minimum Set or Clear Pulse Width, tyy 


10 

- 

45 

90 




15 

- 

30 

60 




5 

- 

50 

100 


Minimum Inhibit In Setup Time, t§u 


10 

- 

20 

40 




15 

- 

10 

20 




5 


120 

240 


Minimum Inhibit In Removal Time, 


10 


65 

130 


tREM 


15 

- 

55 

110 




5 

- 

75 

150 

ns 

Minimum Set Removal Time, tRgjyi 


10 

- 

40 

80 




15 

- 

25 

50 




5 

- 

30 

60 


Minimum Clear Removal Time, Tr^M 


10 

- 

20 

40 

ns 



15 

- 

15 

30 


Input Capacitance, C|N 

Any Input 


- 

5 

7.5 

pF 



Fig. 9 — Input voltage test circuit. 



Fig. 10 — Quiescent device current test circuit. 


VDD 



Fig. 11 - Dynamic power dissipation test circuit. 


APPLICATIONS 


MOST SIGNIFICANT LEAST SIGNIFICANT 

DIGIT DIGIT 



CLOCK jwuifmiuuiiirui^ 

TIMING DIAGRAM SHOWING ONE OF FOUR OUTPUT / 
PULSES CONTRIBUTED BY DRM @ TO OUTPUT FOR 
EVERY 100 CLOCK PULSES IN FOR PRESET No 94. 

92CS- 2 49I7RI 

Fig. 12 - Two CD4527B's cascaded in the “Add" 
mode with a preset number 

xn f 9 4 94 \ 

° 94 \ 10+ 100 ioo)’ 
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CD4527B Types 



CLEAR 92CL-249I8R2 


Fig. 13 - Logic diagram. 



rmnfinjuuinnnnjirui 

_n n n_ 

__n n tl 

i i r 

n n_ 

_n n n 

jnji_jiJT_rLri 

U U LT 

OUTPUT (PIN 6) n n 

A ENABLED | I I | 


B ENABLED ["] 


_fl fl 

c erasleo n n n n n n 

° d “ bled nnnn n nnn nnnn 

INH OUT 


u 

OUPUT (PIN 6 ) 

_n_ 

! n 

(PRESET No- OF 2 ) j~| 


n| n 

(PRESET No. OF 3 ) |~j 

JL 

JU fUL 


(PRESET No- OF 4) f| fl fl fl 11 fl 

,pres£t “ 51 n nn n n n n 

,pbeset ~ orsi nnn nnn nnn 

i preset ~ op t, nnn n nnn n nn n 

'preset np- op JUUUUUUUUMUL 

(PRESET No. OF 9) jiiuuuinnmijinnjL 

i 

| 92CM - 24 91 5 

Fig. 14 — Timing diagram (See Logic Diagram). 



Dimensions and Pad Layout for CD4527BH 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~3 inch). 


The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage angles 
are 57° instead of 90° with respect to the face of 
the chip. Therefore, the isolated chip is actually 
7 mils (0.17 mm) larger in both dimensions. 


Fig. 15 — Two CD4527B's cascaded in the 

"Multiply” mode with a preset number 


of 36 



4 

To 


36 

Too 


) 







CD4527B Types 


TRUTH TABLE 


INPUTS | 

OUTPUTS 




Number of Pulses or 




Number of Pulses or 




Input Logic Level 




Output Logic Level 





(0 = Low; 1 = 

High; X 

= Don't Care) 


(L 

= Low; H = High) | 

El 

B 


B 





CLR 

SET 

OUT 

OUT 

INH 

BB 

■ 

H 

1 

■ 

m 

IBM 

MM 


# 

# 



OUT 

m 

Q 


9 


m 

n 

KB 

H 

■fl 

0 

■fl 

H 

1 

i 

Q 


Q 


l 

BB 

BB 


BB 

0 


1 

1 

i 

1 


9 


& 

Kl 

BB 

■ 

BB 

0 

■fl 


mm 

i 

H 


9 


m 

KB 

■fl 

■S 

BB 

0 

■fl 


■1 

i 


0 

9 


m 

KB 


mm 

BB 


4 

4 

1 

i 


9 

9 


| 

BB 

SB 


BB 


5 

5 

1 

i 


9 

i 


19 

KB 

BB 

H: 

BB 


6 

6 

1 

i 


9 

9 


19 

KB 

■fl 

■■ 

BB 


7 

7 

1 

i 

D 

□ 

0 

0 

10 

0 

0 




8 

8 


■ 

H 

0 

0 

1 

10 

0 

0 




9 




B 

0 

1 

0 

10 

0 

0 




8 


B| 

■ 

B 

0 

1 

1 

10 

0 

0 


BB 


9 


K9 

■ 

D 

a 

B 


10 

0 

0 

0 

■ 

0 

8 

8 

i 

i 

B 

9 

9 


10 

0 

0 

0 

BB 

0 

9 

9 

i 

i 

B 

i 

9 


10 

0 

0 

0 

BB 

0 

8 

8 

i 

i 

fl 

9 

9 


10 

0 

0 

0 

mm 

0 

9 

9 

i 

i 



X 

X 

10 

1 

0 



0 

t 

t 

H 

t 



X 

X 

10 

0 

1 



0 

L 

H 

1 

i 



X 

X 

10 

0 

0 



0 

H 

* 

1 

i 


□ 

X 

□ 

10 

0 

9B 

0 

i 

0 

mm 

10 


m 


B 

X 

B 

10 

0 

0 

0 

i 

0 

■fl 

H 


■ 


□ 

X 

□ 

10 

0 

0 

0 

0 

1 

fln 

H 

BIS 

m 


* Output same as the first 1 6 lines of this truth table (depending on values of A, B, C, D). 

* Depends on internal state of counter. 

#Clear and Set Inputs should not be high at the same time; device draws increased quies- 
cent current when in this non-valid state. 
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CD4532B Types 


COS/MOS 8-Bit Priority 
Encoder 


High-Voltage Types (20-Volt Rating) 

The RCA-CD4532B consists of combination- 
al logic that encodes the highest priority 
input (D7-D0) to a 3-bit binary code. The 
eight inputs, D7 through DO, each have an 
assigned priority; D7 is the highest priority 
and DO is the lowest. The priority encoder is 
inhibited when the chip-enable input Ej is 
low. When E| is high, the binary representa- 
tion of the highest-priority input appears on 
output lines Q2-Q0, and the group select 
line GS is high to indicate that priority inputs 
are present. The enable-out (Eg) is high 
when no priority inputs are present. If any 
one input is high, Eq is low and all cascaded 
lower-order stages are disabled. 

The CD4532B types are supplied in 1 6-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Features: 

■ Converts from 1 of 8 to binary 

■ Provides cascading feature to handle any number of inputs 

■ Group select indicates one or more priority inputs 

■ Standardized, symmetrical output characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 /liA at 18 V 
over full package temperature range; 

100 nA at 18 V and 25°C 

■ Noise margin (full package-temperature 
range): 

1 V at V DD = 5 V 

2 Vat V DD = 10 V 
2.5 Vat V DD = 15 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

■ Priority encoder 

■ Binary or BCD encoder (keyboard encoding) 

■ Floating point arithmetic 



RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating condi- 
tions should be selected so that operation is always 
within the following ranges. 


Characteristic 

Min. 

Max. 

Units 

Supply Voltage 
Range (for T A = 
Full Package 
Temp. Range) 

3 

18 

V 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE. (V DD ) 

(Voltages referenced to Vgs Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D,F) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D. F) . . . Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D, F, H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch ( 1 .59 ± 0.79 mm) from case for 1 0 s max +265°C 



TERMINAL ASSIGNMENT 



Fig. 1 — Typical output low (sink) current 
characteristics. 



C5 

Fig. 2 — Minimum output low (sink) current 
characteristics. 
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Fig. 3 — Typical output high (source) current 
characteristics. 
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CD4532B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +1 25 Apply to D,F,H Packages 
Values at -40, +25, +85 Apply to E Package 

UNITS 

vo 

(V) 

V|N 

(V) 

VDD 

(V) 

... . . 

+25 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, 

IDD Max. 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

a*a 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 
(Sink) Current 
Iql Min. 

0.4 

0,5 

5 

EEg] 




|iii 

1 

- 


0.5 

0,10 

E3 

CSX 

1.5 

mm 


■EX 


- 

1.5 

0,15 

■a 

BP 

4 

mm 

mm 


m 

- 

Output High 
(Source) 

Current, 

Iqh Min. 

4.6 


O 






-i 

- 

2.5 

EH 

5 


BEX 

-1.3 


BB 


- 

9.5 

Ena 

■a 

BO 

HQ 

ESI 

8EEI 

BB 


- 

13.5 


■a 

EO 

-4 

-2.8 

mzn 

ebb 

-6.8 

- 

Output Voltage: 
Low-Level, 

Vol Max. 

- 


5 

0.05 

- 

0 



- 

EH 

m 

0.05 

- 

0 

0.05 

- 

EHi 

■a 

0.05 

- 

0 


Output Voltage: 
High-Level, 

VoH Min. 

- . 

EH 

m 

4.95 


5 

- 

- 

rm 

■a 

9.95 


10 

- 

- 


■a 

14.95 


mm 

- 

Input Low 
Voltage. 

V||_ Max. 


- 

5 

1.5 


- 

Cl 

V 

1,9 

- 

■a 

3 

- 

- 

3 

1.5,13.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage. 

V|H Min. 

0.5, 4.5 


.5 

3.5 

3.5 

- 

- 

1.9 

~ 

10 

7 

7 

- 

_ 

1.5,13.5 

- 

15 

11 

11 

- 

- 

Input Current 

1 1 |S] Max. 


0,18 

18 

±0.1 

±0.1 

±1 

±i 

- 

±10~ 5 

±0.1 

pA 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A =25°C; C L =50 pF, 
Input t r ,tf= 20 ns, R l=200 K^2 


CHARACTERISTIC 

TEST CONDITIONS 
VDD 

VOLTS 

LIMITS 

ALL TYPES 

UNITS 

TYP. 

MAX. 

Propagation Delay Time tp|_n_, tpLH 

E| to Eo, E| to GS 

5 

110 

220 

ns 

10 

55 

110 

15 

45 

85 

E| to Qm, Dn to GS 

5 

170 

340 

10 

85 

170 

15 

65 

125 

Dn to Q|\/| 

5 

220 

440 

10 

110 

220 

15 

85 

160 

Transition Time ty^ 

5 

100 

200 

ns 

10 

50 

100 

15 

40 

80 

Input Capacitance C| 

Any Input 

5 

7.5 

pF 




Fig. 5 — Typical propagation delay (Dn to Qm) 
vs. supply voltage. 



Fig. 6 — Typical propagation delay ( E / to GS, E / to Eo) 
vs. load capacitance. 



Fig. 7 — Typical propagation delay (Dn to Qm) 
vs. load capacitance. 
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Fig. 8 - CD4532 logic diagram. 


Fig. 10 - Typical dynamic power dissipation 
vs. frequency. 


INPUT — — (l4)- CL CD4022A 
FREQUENCY 

(t r , tf *20l>») DECODED OUTPUTS 


TRUTH TABLE 



DT DO Q2-(VHhC| 

-(j?)- V DD CD4532 01 -0H(* 1 

-(TV El V SS EO GS 00 -(SY-lf- ’ 


'-lx 

$ ^ 


Fig. 1 1 - Dynamic power dissipation 
test circuit. 



X = Don't Care 


Logic 1 = High 


Logic 0 = Low 


Fig. 12 - Quiescent device current test circuit. 







CD4532B Types 


APPLICATIONS 



“I NOTE: 

* TEST ANYONE INPUT, 

Vcc WITH OTHER INPUTS AT 

5i VqoORVss 


Fig. 13 — Input voltage test circuit. 


V DO 

Vss 



NOTE 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH V 00 AN0V SS 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vnn OR Vcc 



Fig. 15 — 16-level priority encoder. 


Fig. 14 — Input current test circuit. 
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D7 

i y 

GS 





02 

69- 

77 


1 1 


(1753- 

-1.956) 


i | 

01 



DO- 

1 1 
_l DO 

00 


4- 10 

(0.102-0.254) 

72-80 

(1.829-2.032) 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils ( 10~ ^ inch). 

The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0. 17 mm) larger in both dimensions. 

Dimensions and pad layout for CD4532BH. 


TRUTH TABLE 

Input Output 

D9| D8|d 7|D6|D5[D4|D3|D2[P1|D0 ~GS| Q3' Q2* QV Q0 r 
~ x x r XXXXXXO 1 0 0 1 


Logic 1 = High 

Fig. 16 — 0-to-9 keyboard encoder. 
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CD4536B Types 


COS/MOS Programmable Timer 

High-Voltage Types (20-Volt Rating) 


The RCA-CD4536B is a programmable timer 
consisting of 24 ripple-binary counter stages. 
The salient feature of this device is its 
flexibility. The device can count from 1 to 
2 24 or the first 8 stages can be bypassed to 
allow an output, selectable by a 4-bit code, 
from any one of the remaining 16 stages. It 
can be driven by an external clock or an RC 
oscillator that can be constructed using on- 
chip components. Input INI serves as either 
the external clock input or the input to the 
on-chip RC oscillator. OUT1 and OUT2 are 
connection terminals for the external RC 
components. In addition, an on-chip mono- 
stable circuit is provided to allow a vari- 
able pulse width output. Various timing 
functions can be achieved using combi- 
nations of these capabilities. 

A logic 1 on the 8-BYPASS input enables a 
bypass of the first 8 stages and makes stage 9 
the first counter stage of the last 16 stages. 
Selection of 1 of 16 outputs is accomplished 
by the decoder and the BCD inputs A, B, C 
and D. MONO IN is the timing input for the 
on-chip monostable oscillator. Grounding of 
the MONO IN terminal through a resistor of 
10K ohms or higher, disables the one-shot 
circuit and connects the decoder directly to 
the DECODE OUT terminal. A resistor to 
Vqq and a capacitor to ground from the 
MONO IN terminal enables the one-shot cir- 
cuit and controls its pulse width. 

A fast test mode is enabled by a logic 1 on 
8-BYPASS, SET, and RESET. This mode 


Features: 

■ 24 flip-flop stages counts from 2° to 2 24 

■ Last 16 stages selectable by BCD select code 

■ Bypass input allows bypassing first 8 stages 

■ On-chip RC oscillator provision 

■ Clock inhibit input 

■ Schmitt-trigger in clock line permits operation i 
long rise and fall times 

■ On-chip monostable output provision 

■ Typical f CL = 3 MHz at V DD = 10 V 

■ Test mode allows fast test sequence 

■ Set and reset inputs 

■ Capable of driving two low power TTL 
loads, one lower-power Schottky load, or 
two HTL loads over the rated temperature 
range 

■ Standardized, symmetrical output charac- 
teristics 

■ 100% tested for quiescent current at 20 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements pf JEDEC Tentative 
Standard No. 13A, "Standard Specifi- 
cations for Description of 'B' Series 
CMOS Devices" 


divides the 24-stage counter into three 8-stage 
sections to facilitate a fast test sequence. 

The CD4536B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 



MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, IVq D ) 

(Voltages referenced to Vgs Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 1 2 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D.F) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D, F,) . . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F. H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch ( 1 .59 ± 0.79 mm) from case for 1 0 s max +265°C 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating 
conditions should be selected so that operation 
is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

Min. Max. 

UNITS 

Supply-Voltage Range 
(For T a = Full 
Package Temperature 
Range) 

3 

18 

V 


DECODE OUT SELECTION TABLE 






NUMBER OF STAGES IN 

D 

c 

B 

A 

DIVIDER CHAIN 





8-BYPASS = 0 

8-BYPASS = 1 

0 

0 

0 

0 

9 

1 

0 

0 

0 

1 

10 

2 

0 

0 

1 

0 

11 

3 

0 

0 

1 

1 

12 

4 

0 

1 

0 

0 

13 

5 

0 

1 

0 

1 

14 

6 

0 

1 

1 

0 

15 

7 

0_ 

J_ 


J_ 

16 

8 

1 

0 

0 

0 

17 

9 

1 

0 

0 

1 

18 

10 

1 

0 

1 

0 

19 

11 

1 

0 

1 

Jj 

20 

12 

1 

1 

0 

0 

21 

13 

1 

1 

0 

1 

22 
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C04536B Types 


STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (°C) 

rnMniTinMC r-r- . ~ ~ . 


I AMBIENT TEMPERATURE (Ta)*25°C[+ 



































CD4536B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS, at T A =25°C, Input t r , t f = 20 ns, 
C L = 50 pF, R L = 200 kQ 


CHARACTERISTIC 

V DD 

LIMITS 

UNITS 

(V) 

Min. 

Typ. 

Max. 

Propagation Delay Times: 

5 

B 

1 

2 


Clock to Q1, 8-Bypass High 

10 

I 

0.5 

1 

M S 

t PHL> tPLH 

15 

■ 

0.35 

0.7 

mm 

Clock to Q1, 8-Bypass Low 

5 

— 

2.5 

5 


t PHL« *PLH 

10 

— 

0.8 

1.6 

ms 


15 

— 

0.6 

1.2 


Clock to Q16, ^PHL^PLH 

5 

■ 

fl 

8 



10 

1 

B 

3 

ms 


15 


B 

2 


Q n t° Qn + 1> tpHL. tpLH 

5 

B 

150 




10 


75 


ns 


15 


50 

■CM 


Set to Q n , t PLH 

5 

■ 

300 

600 



■a 


125 

250 

ns 


mm 

■ 

80 

160 


Reset to Q n , tpm_ 

5 

H 

3 

6 



10 


1 

2 

ms 


15 


0.75 

1.5 


Transition Time, tTHb *TLH 

5 

£ 

100 

200 

| I 


mm 


50 

100 



■9 

El 

40 

80 

B 

Minimum Pulse Widths: 

5 

■ 

200 



Clock 

10 


75 


ns 


15 

E 

50 


BB 

Set 

5 

E 

200 

B 



10 


100 

B 



15 

■ 

60 

wm 


Reset 

5 

— 

3 

6 



10 

— 

1 

2 

MS 


15 

— 

0.75 

1.5 


Minimum Set Recovery Time, 

5 

— 

2.5 

5 



10 

— 

1 

2 

MS 


15 

— 

0.6 

1.6 


Minimum Reset Recovery Time, 

5 

— 

3.5 

7 



10 

— 

1.5 

3 

MS 


15 

— 

1 

2 


Maximum Clock Pulse Input 

5 

0.5 

1 

— 


Frequency, fQL 

10 

1.5 

3 

— 

MHz 


15 

2.5 

5 

— 


Maximum Clock Pulse Input 

5,10,15 





Rise or Fall Time, t r , tf 


Unlimited 

MS 


SET — 

1 V 


— V DD 

RESET — 

2 

15 

—MONO IN 

IN 1 

3 

14 

— OSC INHIBIT 

OUT 1 

4 

13 

— DECODE OUT 

OUT 2 — = 

5 

12 

-0 


8 -BYPASS — 

6 

11 

— C 1 

BINARY 

CLOCK INHIBIT — 

7 

10 

” B | 

’ SELECT 

v S s 

6 

9 

- aJ 



TOP 

VIEW 


92CS- 31716 


Terminal Assignment 



of load capacitance (CLOCK to Qp 
8-BYPASS high). 



Fig. 8— Typical propagation delay time as a function 
of load capacitance (CLOCK to Qp 
8-BYPASS low). 



Fig. 9— Typical propagation delay time as a 
function of load capacitance (CLOCK 
to Q 1& 8-BYPASS high). 
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CD4536B Types 


200 | AMBIENT TEMPERATURE (T A )«25»C [ 




AMBIENT TEMPERATURE (T A ) * 25*C 
EXTERNAL RESISTANCE <R E ) * 56 kft 
50 EXTERNAL CAPACITANCE ( C x ) * IOOO pF 


K" 


LOAD CAPACITANCE (C L ) — pF 92 cs-3277| 

Fig. 10— Typical propagation delay time as a 
function of load capacitance (Q N to 
q N + 1)- 



AMBIENT TEMPERATURE(T A ) — «C 92CS-32774 

Fig. 13— Typical RC oscillator frequency devia- 
tion as a function of ambient temper- 
ature (R$ = 0). 


I0 3 | AMBIENT TEMPERATURE (T A )*25*C 


, R S *2te ““ / 

/ / / 


mum mini' 

mmm wm 

Wa I5MIII 
j£ £!!!!!!! 

iS ■■■SS5SS5 

Baa Wa 

\WA ■■■■■■■! 

m mum 

■ mum 

HaniMBiiiraiii 


§r 

inmumi 

n mum 

HnOHESSilMlIj 


EXTERNAL CAPACITANCE (C X )-pF 92CS-32777 

Fig. 16— Typical pulse width as a function of 
external capacitance (Vqq = 10 V). 


I0 3 ® I AMBIENT TEMPERATURE (T a ) * 25*C V 
® I SUPPLY VOLTAGE (Vnn) * 15 V / 



EXTERNAL CAPACITANCE (C x )-pF 

92CS- 32778 

Fig. 17— Typical pulse width as a function of . 
external capacitance (V DD = 15 V). 


R S * 120 kfl.f * 5900 H 

R s *0,1 * 7900 H2 


SUPPLY VOLTAGE (V DD )-V 92CS-32772 

Fig. 11— Typical RC oscillator frequency de- 
viation as a function of supply 
voltage. 




EXTERNAL CAPACITANCE (C x ) — pF 

I 10 I0 2 I0 3 lO 1 

EXTERNAL RESISTANCE ( R tc ) — kfl 92CS _ 3277 

Fig. 12— Typical RC oscillator frequency devia- 
tion as a function of time constant 
resistance and capacitance. 


ICr| AMBIENT TEMPERATURE (T A ) 
4 SUPPLY VOLTAGE ( V DD ) 

RS » 2R|( 


AMBIENT TEMPERATURE (T A ) — *C 92CS-32775 

Fig. 14— Typical RC oscillator frequency devia- 
tion as a function of ambient 
temperature (R$ = 120 kQ). 


EXTERNAL CAPACITANCE (C X )*pF 92CS- 32776 


Fig. 15— Typical pulse width as a function of 
external capacitance (V DD = 5 V). 


Functional Test Sequence 


Outputs 


Decade Out 
Q1 thru Q24 



FUNCTIONAL TEST SEQUENCE 

Test Function (Figure 11) has been in- 
cluded for the reduction of test time re- 
quired to exercise all 24 counter stages. 
This test function divides the counter into 
three 8-stage sections and 255 counts are 


Comments 


All 24 steps are in Reset mode 

Counter is in three 8-stage section in 
parallel mode 


First “1” to “0” transition of clock 


255 “1" to “0” transitions are clocked in 
the counter 


The 255 “1” to “0” transition 


Counter converted back to 24 stages in 
series mode 

Set and Reset must be connected 
together and simultaneously go from “1” 

to “0” 

In-; Switches to a “1" 

Counter Ripples from an all “1” state to 
an all “0” state 


loaded in each of the 8-stage sections in 
parallel. All flip-flops are now at a “1”. 
The counter is now returned to the normal 
24-steps in series configuration. One 
more pulse is entered into In-j which will 
cause the counter to ripple from an all “1” 
state to an all “0” state. 
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CD4536B Types 
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LOAD CAPACITANCE (C L )— pF 

92CS-24322 

Fig. 18— -Typical transition time as a function 
of load capacitance. 



Fig. 20— Dynamic power dissipation test cir- 
cuit and waveform. 



19 —Typical dynamic power dissipation as a 
function of input pulse frequency. 




92CS-32782 


Fig. 22— Input waveforms for switching-time 
test circuit. 



Fig. 23— Functional test circuit. 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V DD AND V ss - 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
V DD 0R V SS' 

92CS- 27402 


Fig. 24— Input-current test circuit. 


TRUTH TABLE 
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SET 

RESET 

CLOCK 
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fl 
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State 
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0 
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No 
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No 

Change 
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0 = Low Level 1 = High Level X = Don't Care 



Fig. 25— Input-voltage test circuit. 


V DD 



Fig. 26 — Quiescent-device current test circuit. 
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CD4536B Types 


APPLICATIONS 



Fig. 27— Time interval configuration using 

external clock; set and clock inhibit 
functions. 


Fig. 28— Time interval configuration using ex- 
ternal clock; reset and output mono- 
stable to achieve a pulse output. 


SET 

RESET OUT 2 - 
8 -BY PASS 
C INH 
MONO-IN 

OSC INH “CODE - 
IN I 


-A ' k- 

,b Tr, c c 

RS > 2Rf C 
. f IN Hz, 


Fig. 29— Time interval configuration using on- 
chip RC oscillator and reset input to initiate 
time interval. 


-Preset out 2- 

- — 8-BYPASS 

- CINH 

- — MONO IN 

^OSC INH DEC ggf3J 


j ~ T R 

' R CD4098B 
:+Tr 


TJ - !—! I— f~ LJ L.J - LJ L_n_l l_l LJ LTLJ LJ LI LI 1 



JL NOTE: 

SHADED PULSE REPRESENTS DECODE OUTPUT 
IN MONOSTABLE MODE. IF AN OUTPUT PULSE 
IS REQUIRED I FULL-COUNT— DOWN AFTER . 
REMOVAL OF RESET PULSE, SEE FIG. 31 FOR 
USE OF CD4098B. 

92CS-32783 


Fig.31 — CD4536B Timing Diagram. 


Fig.30 — Application showing use of 
CD4098B and CD4536B to get 
decode pulse 8 clock pulses 
after Reset pulse. 


Dimensions and pad layout for CD4536BH. 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimen- 
sions as indicated. Grid graduations are in 

mile (in 3 inr.h ) 


The photographs and dimensions represent a 
chip when it is part of the wafer. When the 
wafer is cut into chips, the cleavage angles are 
57° instead of 90° with respect to the face of 
the chip. Therefore, the isolated chip is actual- 
ly 7 mils (0.17 mm) larger in both dimensions. 



101-109 

2 . 566 - 2 . 768 ) 


( 3 . 023 - 3 . 225 ) 
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Preliminary Data CD4538B Types 


COS/MOS Dual Precision 
Monostable Multivibrator 


High-Voltage Types (20-Volt Rating) 

The RCA-CD4538B dual precision 
monostable multivibrator provides stable 
retriggerable/resettable one-shot opera- 
tion for any fixed-voltage timing applica- 
tion. 

An external resistor (Rx) and an external 
capacitor (Cx) control the timing and ac- 
curacy for the circuit. Adjustment of Rx 
and Cx provides a wide range of output 
pulse widths from the Q and (5 terminals. 
The time delay from trigger input to out- 
put transition (trigger propagation delay) 
and the time delay from reset input to out- 
put transition (reset propagation delay) 
are independent of Rx and Cx- Precision 
control of output pulse widths is achieved 
through linear CMOS techniques. 

Leading-edge-triggering ( + TR) and 
trailing-edge-triggering (-TR) inputs are 
provided for triggering from either edge of 
an input pulse. An unused +TR input 
should be tied to VgS- An unused - TR in- 
put should be tied to Vdd- a RESET (on 
low level) is provided for immediate ter- 
mination of the output pulse or to prevent 
output pulses when power is turned on. 
An unused RESET input should be tied to 
Vdd- However, if an entire section of the 
CD4538B is not used, its inputs must be 
tied to either Vdd or Vss- See Table I. 

In normal operation the circuit triggers 
(extends the output pulse one period) on 
the application of each new trigger pulse. 


Features: 

m Retriggerable/resettable capability 

■ Trigger and reset propagation delays 
independent of Rx, Cx 

m Triggering from leading or trailing edge 

■ Q and 73 buffered outputs available 

■ Separate resets 

■ Wide range of output-pulse widths 

■ Schmitt trigger input allows unlimited 

rise and fall times on + TR and - TR inputs 
m 100% tested for maximum quiescent 
current at 20 V 

For operation in the non-retriggerable 
mode, Q is connected to -TR when 
leading-edge triggering ( + TR) is used or 
Q is connected to + TR when trailing- 
edge triggering (-TR) is used. The time 
period (T) for this multivibrator can be 
calculated by: T = RxCx- 
The minimum value of external 
resistance, Rx, is 4 KQ. The maximum and 
minimum values of external capacitance, 

Cx, are 100 /jF and 5000 pF, respectively. 

The CD4538B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

The CD4538B is similar to type MC14538 
and is pin-for-pin compatible with the 
CD4098B. 



■ Maximum input current of 1 \jlA at 
18 V over full package-temperature 
range; 100 nA at 18 V and 25°C 

■ Noise margin (full package-temperature 

range): 1 V at Vdd - 5 V 

2 Vat V DD =10 V 
2.5 Vat Vqq = 15 V 

u 5-V, 10-V, and 15-V parametric ratings 

■ Standardized, symmetrical output 
characteristics 

m Meets all requirements of JEDEC 
Tentative Standard No. 13B, “Stand- 
ard Specifications for Description of ‘B’ 
Series CMOS Devices 

Applications: 

■ Pulse delay and timing 

■ Pulse shaping 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V D q) 

(Voltages referenced to Vss Terminal) - 0.5 to + 20 V 

INPUT VOLTAGE RANGE, ALL INPUTS - 0.5 to V DD + 0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10mA 

POWER DISSIPATION PER PACKAGE (P D ): 

ForT A = -40 to + 60 °C (PACKAGE TYPE E) 500 mW 

For T A = +60 to + 85 °C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

ForT A = -55 to + 100 °C (PACKAGE TYPES D,F) 500 mW 

For T a = + 100 to +1 25 °C (PACKAGE TYPES D,F) Derate Linearly at 12 MW/ °C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D,F,H -55 to +125°C 

PACKAGE TYPE E -40 to + 85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65 to + 150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max + 265°C 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected 
so that operating is always within the following ranges: 


CHARACTERISTIC 

vdd 

LIN 

UTS 

UNITS 

V 

MIN. 

MAX. 

Supply-Voltage Range (For T A = 

Full Package-Temperature 
Range) 

- 

5 

18 

V 


'•XI - 
R X C X<'>- 
RESET ( I) — 

+ TR (I)- 
-TR (I ) — I 5 


| — V DD 
C X2 

— R X C X (2) 

— RESET (2) 

— + TR (2) 
TR (2) 

— 02 


TERMINALS 1,8,15 ARE 
ELECTRICALLY CONNECTED 
INTERNALLY 

92CS-24 048RI 


TERMINAL ASSIGNMENT 
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CD4538B Types 


STATIC ELECTRICAL CHARACTERISTICS (Not Applicable to Pins 2 and 14) 




LIMITS AT INDICATED TEMPER 
Values at - 55, + 25, + 125 Apply 
Values at - 40, + 25, + 85 Apph 

ATURES ( e 
to D,F,H PI 
to E Pkqs 

v 0 

(V) 

Ed 

233 

Ea 





Min. 

+ 25 
Typ. 


Quiescent 

Device 

Current 

IDD Max. 

— 

IB 

m 




q 

— 

0.04 


— 

HE 

ci 

KB 

HI 

M 

i 

BBI 

KRBI 

■ 

— 

HE 

o 

El 

mi*M 

ESI 

ESI! 


B 



0,20 

20 

100 

100 

3000 

3000 

- 

0.08 


Output Low 
(Sink) 
Current, 
lOL Min. 

0.4 

19 

B 





9 

1 


0.5 

ESQ 

m 

KEI 

■El 

■n 

B»i-M 

KEI 

2.6 




H 

KB 

4 


m 

KB 

6.8 


Output High 
(Source) 
Current , 
lOH Min. 


0,5 

5 

- 0.64 

- 0.61 

- 0.42 

- 0.36 

- 0.51 

-1 


mm 

on 

m 


BO 

BO 

BKE1 

bh 



qnq 

ESQ 

m 


BQ 

BO 

B»E1 

em 

- 2.6 



ESQ 

m 

rm 

- 4 _ 

BO 

El 

SEI 

- 6.8 


Output Volt- 
age: 

Low-Level, 
Vol Max. 



KB 

m 

0.05 



0 


— 

ESQ 

KEI 

0.05 

— 

0 

l 

— 

0,15 

15 

0.05 

— 

0 

1 

Output Volt- 
age: 

High-Level, 
Vqh Min. 

■ 

E9 

19 

4.95 


5 



Ena 

na 

9.95 


10 


— 

HI 

y 

14.95 


15 



Ejjjjj 

- 

5 

1.5 

— 

— 

1 

mm 


m 

3 

— 

— 



qi 

m 

4 

— 

— 


Input High 
Voltage, 

V|h Min. 


q 

5 

3.5 

ESI 

— 


o 


tm 

7 

7 

— 




Ea 

11 

m 

— 


Input 

Current, 
l|N Max. 

B 

jj 

i 


1 

0 

0 

B 

± 10-5 



V DD V D0 



Fig. 1 — Logic diagram (Vz of device shown). 



































CD4538B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 

At Ta = 25; Input t r ,tf = 20 ns, CL = 50pF 


CHARACTERISTIC 

TEST CONDITIONS 
VDD(V) 

LIMITS 

Typ. 

UNITS 

Transition Time 

tTLH.tTHL 

5 

100 




10 

50 




15 

40 


Propagation Delay Time: 

tPLH, 

5 

300 


+ TRor -TRto Qor"Q 

tPHL 

10 

150 

ns 



15 

100 


Reset to Q or Q 


5 

250 




10 

125 




15 

95 


Minimum Input Pulse Width: 

tWH, 

5 

35 


+ TR, -TRor Reset 

tWL 

10 

30 




15 

25 


Output Pulse Width - QorQ: 

T 

5 

58 


Cx = 0.005 /iF, Rx = 10 KQ 


10 

55 

MS 



15 

55 


Cx = 0.1 mF, Rx = 100 KQ 


5 

9.86 




10 

10 

ms 



15 

10.14 


Cx = 10 m F, Rx = 100 KQ 


5 

0.965 




10 

0.98 

s 



15 

0.99 


1 Pulse Width Match between 100(Ti -T 2 ) 

5 

±1 


circuits in same package: 

Ti 

10 

±1 

% 

Cx = 0.1 M F, Rx = 100 KQ 


15 

±1 



TABLE I 

CD4538B FUNCTIONAL TERMINAL CONNECTIONS 


FUNCTION 

V DD TO 
TERM. NO. 

Vss TO 
TERM. NO. 

INPUT PULSE 

TO TERM. NO. 

OTHER 

CONNECTIONS 

MONOi 

MONO2 

MONOi 

MONO2 

MONOi 

MONO2 

MONOi 

MONO2 

Leading-Edge 

Trigger/ 

Retriggerable 

3,5 

11, 13 



4 

12 



Leading-Edge 

Trigger/Non- 

retriggerable 

3 

13 



4 

12 

5-7 

11-9 

Trailing-Edge 

Trigger/ 

Retriggerable 

3 

13 

4 

12 

5 

11 



Trailing-Edge 

Trigger/Non- 

retriggerable 

3 

13 



5 

11 

4-6 

12-10 


NOTES: 

1. A RETRIGGERABLE ONE-SHOT MULTI- 
VIBRATOR HAS AN OUTPUT PULSE 

WIDTH WHICH IS EXTENDED ONE FULL INPUT PULSE TRAIN fl 11 11 11 

TIME PERIOD (T) AFTER APPLICATION _i u u u l_ 

OF THE LAST TRIGGER PULSE. RETRIGGERABLE MODE PULSE , j — 

WIDTH ( + TR MODE) —I 


2. A NON-RETRIGGERABLE ONE-SHOT 

MULTIVIBRATOR HAS A TIME PERIOD NON-RETRIGGERABLE MODE 
(T) REFERENCED FROM THE APPLI- PULSE WIDTH 
CATION OF THE FIRST TRIGGER PULSE. ( + TR MODE) 



92CS-328I6 
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CD4555B, CD4556B Types 


COS/MOS 

Dual Binary to 1 of 4 
Decoder/Demultiplexers 


High-Voltage Types (20-Volt Rating) 

CD4555B: Outputs High on Select 
CD4556B: Outputs Low on Select 

The RCA-CD4555B and CD4556B are dual 
one-of-four decoders/demultiplexers. Each 
decoder has two select inputs (A and B), an 
Enable input (E), and four mutually exclu- 
sive outputs. On the CD4555B the outputs 
are high on select; on the CD4556B the out- 
puts are low on select. 

When the Enable input is high, the outputs 
of the CD4555B remain low and the output* 
of the CD4556B remain high regardless of 
the state of the select inputs A and B. The 
CD4555B and CD4556B are similar to types 
MC14555 and MC14556, respectively. 

The CD4555B and CD4556B types are sup- 
plied in 16-lead hermetic dual-in-line cer- 
amic packages (D and F suffixes), 16-lead 
dual-in-line plastic packages (E suffix), 16- 
lead ceramic flat packages (K suffix), and in 
chip form (H suffix). 


Features: 

■ Expandable with multiple packages 

■ Standard, symmetrical output characteristics 

■ 1 00% tested for quiescent current at 20 V 

■ Maximum input current of 1 pA at 18 V over full 
package tern perature range; 1 00 n A at 18 Vand 25°C 

■ Noise margin (full package-temperature 
range): 1 V at Vqq = 5 V 

2 Vat V DD = 10 V 
2.5 Vat V DD = 15 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

■ Decoding ■ Code conversion 

■ Demultiplexing (using Enable input asa 
data input) 

■ Memory chip-enable selection 

■ Function selection 



RECOMMENDED OPERATING CONDITIONS 

For maximum reliability , nominal operating conditions should be selected 
so that operation is always within the following ranges. 


CHARACTERISTIC 

V DD 

MIN. 

MAX. 

UNITS 

Supply Voltage Range 
(ForTA= Full Package 

Temp. Range) 


3 

18 

V 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgs Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 


POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T a - -55 to +100°C (PACKAGE TYPES D.F. ) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D, F, ) . . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ): 


PACKAGE TYPES D, F, H -55 to +125°C 

PACKAGE TYPE E -40 to +85°C 


STORAGE TEMPERATURE RANGE (T stg ) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1 /32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 




TOP VIEW 

92CS- 24942 Rl 


CD4555B 
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CD4555B, CD4556B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +1 25 Apply to D, F,H Packages 
Values at —40, +25, +85 Apply to E Package 

UNITS 

» Vo 
(V) 

V|N 

(V) 

VDD 

(V) 

. .. - . 

+25 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, 

Iqd Max. 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

pA 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

- 

015 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

020 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 
(Sink) Current 
Iql Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3 4 

6.8 

- 

Output High 
(Source) 

Current, 
lOH Min - 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

.-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage: 
Low-Level, 

Vol Max. 

- 

0,5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage: 
High-Level, 

VoH Min. 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage, 

V|i_ Max. 

0.5, 4.5 

- 

5 

1.5 

- 

— 

1.5 


1,9 

- 

10 

3 

- 

- 

3 

1.5,13.5 

- 

15 

4 

- 

- 

4 

Input High , 
Voltage. 

V|H Min. 

0.5, 4.5 

- 

5 

3.5 

3.5 

- 

- 

1,9 

- 

10 

7 

7 

- 

- 

1.5,13.5 

- 

15 

11 

11 

- 

- 

Input Current 
l|N Max. 


0.18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10~ 5 

±0.1 

/iA 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25° C; Input t r . t f = 20ns, 
C{_ - 50 pF, R l = 200 KSl 


CHARACTERISTIC 

TEST CONDITIONS 

ALL TYPES 
LIMITS 

UNITS 


V DD 

Volts 

TYP. 

MAX. 

Propagation Delay Time, tp|_j|_, 


5 

220 

440 


A or B Input to t PLH 


10 

95 

190 

ns 

Any Output 


15 

70 

140 




5 

200 

400 


E Input to Any 


10 

85 

170 

ns 

Output 


15 

65 

130 




5 

100 

200 


Transition Time tjHL^TLH 


10 

50 

100 

ns 



15 

40 

80 


Input Capacitance Cj^ 

Any Input 

5 

7.5 

PF 



Fig. 1 — Typical output low (sink) current 
characteristics. 



Fig. 2 — Minimum output low (sink) current 
characteristics. 


DRAIN- TO- SOURCE VOLTAGE (V DS )-V 



Fig. 3 — Typical output high (source) current 
characteristics. 


DRAIN -TO-SOURCE VOLTAGE tV D S)-V 



Fig. 4 — Minimum output high (source) current 
characteristics. 
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Fig. 8 — Typical propagation delay time vs. load 


Fig. 9 - Typical propagation delay time vs. 


Fin in — Tunica I transitinn timet uc inaH 


capacitance (E input to any output). 


supply voltage. 


capacitance. 



Fig. 11 — Typical dynamic power dissipation 
vs. frequency. 



Fig. 12— Quiescent device current test 
circuit. 



Fig. 13 — Input voltage test circuit. 
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CD4555B, CD4556B Types 



92CS-2M02 


Fig. 14 — Input current test circuit. 



f x > I MHz , 50 */. DUTY CYCLE 

92CS- 24225 

Fig. 17 - CD4555B E input to Q3 output dynamic 
signal waveforms. 



Fig. 15 - CD4555B B input to Q3 output dynamic 
signal waveforms. 



f r 'I MHz, 50 % DUTY CYCLE 

1 92CS- 24226 

Fig. 18 - CD4556B E input to Qj output dynamic 
signal waveforms. 



tj • I MHz, 50 % DUTY CYCLE 


Fig. 16- CD4556B B input to Q3 output dynamic 
signal waveforms. 


APPLICATIONS 



Fig. 19 — 1-of-4 line data demultiplexer using 
CD4555B. 




Fig. 20 — 1 -of -8 decoder using CD4555B. 
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CD4555B, CD4556B Types 



KJDBBDBDBBDBDBGBiniXlIElKElEDIB 

□□□□□DEBBBBBEEBK3E1E1E1DD 

□BBBIIBDBBBBBBBBII1I1DDEID 

DDDDDQDDQDDDDDDDDEIDDD 

□BBDODBBDBBBEBBDDDE1DD 

QDDDDGDDDDDGDDDDDDDDD 

KaODDDGBBBBDBDBDDQDElDD 

DDDnBBBDBQBDQDBDElKlElDD 

OEDDDBEBBBBBKIBBEIDEIEIDD 

DDDDDDDE1E1QDDDIIBDDE1DDD 

DDDBDBBBBBBBBBKHSlDEIDDn 

DDDDI1BDDQDDDE1E1DDDDDDQ 

DDDDDBQBBDDBBDBDBIBIDDD 

□DDDDDDBDGBDDDDBDDDDD 

DDDBDDDDDDDQDDDDElDnDD 

□□□□□□□□□□□□BBDDDElianO 

nnnnilBDDBBBBDElBDDElOKan 

DPBEDBEBBPBEEEEDDIlPDn 


Fig. 21 — 1 of -1 6 decoder using CD4555B and 
CD4556B. 


•i&iMtangr 

I . -JlllifffiiSf] 
lcfBHI£U£J^ E %?ll 
I UHRfffitUI 

leHiililSiMplI 

ieT s b •ti’-a** 


DIMENSIONS AND PAD LAYOUT FOR 
CD4555BH. (Dimensions and pad layout for 
CD4556BH are identical). 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10'3 inch). 


The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips , the cleavage 
angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0.17 mm) larger in both dimensions. 





CD4585B Types 


COS/MOS 4-Bit Magnitude 
Comparator 


High Voltage Types (20-Volt Rating) 

The RCA-CD4585B is a 4-bit magnitude com- 
parator designed for use in computer and 
logic applications that require the comparison 
of two 4-bit words. This logic circuit deter- 
mines whether one 4-bit word (Binary or 
BCD) is "less than", "equal to", or "greater 
than" a second 4-bit word. 

The CD4585B has eight comparing inputs 
(A3, B3, through AO, BO), three outputs (A 
<B,A = B,A > B) and three cascading inputs 
(A < B, A = B, A > B) that permit systems 
designers to expand the comparator function 

to 8, 12, 16 4N bits. When a single 

CD4585B is used, the cascading inputs are 
connected as follows: (A < B) = low, (A = B) 
= high, (A > B) = high. 

Cascading these units for comparison of more 
than 4 bits is accomplished as shown in 
Fig. 13. 

The CD4585B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). This device is pin-compatible with 
low-power TTL type 7485 and the CMOS 
types MCI 4585 and 40085. 


Features: 

■ Expansion to 8,12,16 4N bits by cascading units 

■ Medium-speed operation: 

compares two 4-bit words 
in 180 ns (typ.) at 10 V 

■ 100% tested for quiescent current at 20 V 

■ Standardized symmetrical output characteristics 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Maximum input current of 1 pA at 18 V 
over full package temperature range; 

100 n A at 18 V and 25°C 

■ Noise margin (full package temperature range) 

range) - 1 V at Vpp = 5 V 
2 Vat V DD = 10 V 
2.5 Vat V DD = 15 V 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 


Applications: 

■ Servo motor controls 


i Process controllers 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE. ( V DD ) 

(Voltages referenced to Vgg Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±1 0 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For j A = _40 to +60°C (PACKAGE TYPE E) 6 500 mW 

For T a = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/ C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D, F) Q - 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D, F) . . . Derate Linearly at 12 mW/ C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a * FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ..... 100 mW 

OPERATING-TEMPERATURE RANGE (T.) : 


PACKAGE TYPES D, F, H 
PACKAGE TYPE E . . 


-55 to +125 C 
—40 to +85 C 
—65 to +1 50°C 




DRAIN-T0-S0URCE VOLTAGE (Vos) — V 

92CS-24; 

Fig. 1 - Typical output low (sink) current 
characteristics. 



STORAGE TEMPERATURE RANGE (T stg ) -65 to +150 C 

LEAD TEMPERATURE (DURING SOLDERING): Q 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max • +265 C 


DRAIN- TO- SOURCE VOLTAGE (V D S> — V 

Fig. 2 — Minimum output low (sink) current 
characteristics. 


DR A IN- TO- SOURCE VOLTAGE (V 0 s)—V 



Fig.3 — Typical output high (source) current 
characteristics. 


RECOMMENDED OPERATING CONDITIONS 

.-'or maximum reliability, nominal operating conditions should be selected so that oper- 
ation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

Min. Max. 

UNITS 

Supply-Voltage Range (For Ta = Full Package- 
Temperature Range) 

3 

18 

V 
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CD4585B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 

Values at —55, +25, +125 Apply to D,F,H Packages 
Values at —40, +25, +85 Apply to E Package 

i r 

N 

T 

S 

Vo 

(V) 

V|N 

(V) 

V DD 

(V) 

-55 

-40 

+85 

+125 

+25 

Min. 

Typ. 

Max. 

Quiescent 

Device 

Current, 
l DD Max. 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

pA 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 
(Sink)Current 
IqL Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

Output High 
(Source) 
Current, 

>OH Min - 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0.5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage: 
Low-Level, 
Vql Max. 

- 

0,5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output 

Voltage: 
High-Level, 
Vqh Min. 

_ 

0.5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage 

Vjl Max. 

0.5, 4. 5 

- 

5 

1.5 

- 

- 

1.5 

V 

1,9 

- 

10 

3 

- 

- 

3 

1.5,13.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V 1 1 _| Min. 

0.5, 4.5 

- 

5 

3.5 

3.5 

- 

- 

1,9 

- 

10 

7 

7 

- 

- 

1.5,13.5 

- 

15 

11 

11 

- 

- 

Input Current 
l|N Max. 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10~ 5 

±0.1 

pA 


DYNAMIC ELECTRICAL CHARACTERISTICS 

At T a = 25° C ; Input t r , tf = 20 ns, Cj_ = 50 pF, R j_ = 200 kSl 


CHARACTERISTIC 

TEST CONDITIONS 

V DD 

Volts 

LIMITS 

UNITS 

Typ. 

Max. 

Propagation Delay Time: 


5 

300 

600 


Comparing Inputs to 


10 

125 

250 


Outputs, t PHL , t PLH 


15 

80 

160 

ns 



5 

200 

400 


Cascading Inputs to 


10 

80 

160 


Outputs, t PHL , t PLH 


15 

60 

120 




5 

100 

200 


Transition Time, 


10 

50 

100 

ns 

tTHL' *TLH 


15 

40 

80 


Input Capacitance, C| jsj 

Any Input 

5 

7.5 

.PF 



Fig. 8 — Typical dynamic power dissipation as a 
function of clock input frequency (see 
Fig. 9— dynamic power dissipation test 
circuit). 



Fig. 9 - Dynamic power dissipation test circuit. 


V DD 

XD* 

Vss 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V DD AND V SS - 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
OR Vcc 


*DD L 


V SS ‘ 


Fig. 1 0 — Input current test circuit. 


~r 

v ss 


NOTE- 

TEST ANY COMBINATION 
OF INPUTS 


92CS-2744IRI 


Fig. 1 1 — Input-voltage test circuit. 
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CD4585B Types 




<pTOTAL= tp (mp M UTS Rr > + 2 « <P (“15*“)' 4T V 00’ 'O v 
(3 STAGES) 

= 120 + 2 (80) = 280 ns (TYP.) 


92CM- 3I007RI 


Fig. 12 — Quiescent-device-current test circuit. 


Fig. 13 — Typical speed characteristics of a 12-bit comparator. 



Dimensions and Pad Layout for CD4585BH 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils f 10~ ^ inch). 


The photographs and dimensions represent 
a chip when it is part of the wafer. When the 
wafer is cut into chips, the cleavage angles 
are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated 
chip is actually 7 mils ( 0.17 mm) larger 
in both dimensions. 







CD4724B Types 


COS/MOS 

8-Bit Addressable Latch 


High-Voltage Types (20-Volt Rating) 
The RCA-CD4724B 8-bit addressable latch 
is a serial-input, parallel-output storage regis- 
ter that can perform a variety of functions. 

Data are inputted to a particular bit in the 
latch when that bit is addressed (by means 
of inputs AO, A1, A2) and when WRITE 
DISABLE is at a low level. When WRITE 
DISABLE is high, data entry is inhibited; 
however, all 8 outputs can be continuously 
read independent of WRITE DISABLE and 
address inputs. 

A master RESET input is available, which 
resets all bits to a logic "0" level when RESET 
and WRITE DISABLE are at a high level. 
When RESET is at a high level, and WRITE 
DISABLE is at a low level, the latch acts as 
a 1-of-8 demultiplexer; the bit that is ad- 
dressed has an active output which follows 
the data input, while all unaddressed bits 
are held to a logic "0" level. 

The CD4724B types are supplied in 16-lead 
hermetic ceramic dual-in-line packages (D 
and F suffixes), 16-lead plastic dual-in-line 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Features: 

■ Serial data input ■ Active parallel output 

■ Storage register capability ■ Master clear 

■ Can function as demultiplexer 

■ Standardized, symmetrical output characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 ju A at 18 V 
(full package-temperature range), 100 nA 
at 18 V and 25°C 

■ Noise margin (full package-temperature 
range) = 1 V at Vqd = 5 V, 2 V at Vqd 
= 10 V, 2.5 VatV D D = 15 V 

■ 5-V, 10-V, and 15-V parametric ratings ^ 

■ Meets all requirements of JEDEC Tentative a 
Standard No. 13A, "Standard Specifications „ 
for Description of 'B' Series CMOS Devices" 



Applications: 

■ Multi-line decoders 

■ A/D converters 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, <V DD ) 

(Voltages referenced to Vgg Terminal) 

INPUT VOLTAGE RANGE. ALL INPUTS 

DC INPUT CURRENT, ANY ONE INPUT 

POWER DISSIPATION PER PACKAGE (P D ): 

For T a = -40 to +60°C (PACKAGE TYPE E) 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 

For T A = - 55 to +100°C (PACKAGE TYPES D,F) 

For T A = +100 to +125°C (PACKAGE TYPES D, F) . . . Derate Line 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T a = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 
OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, H 

PACKAGE TYPE E 

STORAGE TEMPERATURE RANGE (T stg ) 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max. . . 


-0.5 to V q q +0.5 V 
±10 mA 


Derate Linearly at 1 2 


. . 500 mW 

mW/°C to 200 mW 
. . 500 mW 

mW/°C to 200 mW 


-55 to +1 25°C 
-40 to +85°C 
-65 to +1 50°C 


*ALL INPUTS ARE Q- 
PR0TECTE0 BY 
COS/MOS PROTECTION 
NETWORK 




TERMINAL ASSIGNMENT 




Fig. 1— Logic diagram of CD4724B and detail of 1 of 8 latches. 


DRAIN-TO-SOURCE VOLTAGE (Vds>— V 

Fig. 2— Typical output low (sink) 
current characteristics. 
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CD4724B Types 


RECOMMENDED OPERATING CONDITIONS at T A =2? C ( Unless otherwise specified) 
For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges. 


SEE 

FIG. 15* 


CHARACTERISTIC 


Supply Voltage Range: 

(At = Full Package 
Temperature Range) 


Pulse Width, tyy 
Data 



Setup Time, tg 5 100 - 

Data to WRITE DISABLE © 10 50 I - j 

15 35 - 

Hold Time, 5 150 

Data to WRITE DISABLE © 10 75 

15 50 - 

* Circled numbers refer to times indicated on master timing diagram. 

Note: In addition to the above characteristics, a WRITE DISABLE ON time (the time that WRITE 
DISABLE is at a high level) must be observed during an address change for the total time that the 
external address lines A0, A1 , and A2 are settling to a stable level, to prevent a wrong cell from 
being addressed * 


( LIMITS | 

MIN. 

MAX. 

3 

18 

200 

- 

100 

- 

80 


400 

_ 

200 

- 

125 

- 

150 

- 

75 

- 

50 

- 

100 

- 

50 

- 

35 

- 

150 

- 

75 

- 

50 

- 
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MODE SELECTION 

I ADDRESSED I UNADDRESSED 



Holds Previous State 


Reset to "0" Reset to "0" 


WD = WRITE DISABLE 



92CS- 27676RI 

Fig. 3- Definition of WRITE DISABLE ON time. 



DRAIN- TO- SOURCE VOLTAGE (V[>s)— V 

»!CS-» 

Fig. 4— Minimum output low (sink) 
curren t characteristics. 


R2R 

LADDER NETWORK - 


DRAIN- TO- SOURCE VOLTAGE (V 0S >— V 

M5 -10 -5 

AMBIENT TEMPERATURE (Ta)* 2S*C j-j-| j j j | j | j j j IT 

} 1 1 } { I { 1 GATE-TO-SOURCE VOLTAGE (VftO--5V ' ■ 


CD4724B 
> OUTPUTS 
TO DISPLAY 


Fig. 6— Typical output high (source) 
current characteristics. 
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Fig. 5— A/D converter 























CD4724B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 
Values at —55, +25, +1 25 Apply to D,F,H Packages 
Values at -40, +25, +85 Apply to E Package 

UNITS 

vo 

(V) 

V| N 

(V) 

Vdd 

(V) 

■ 

+25 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, 

IqD Max - 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

pA 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 
(Sink) Current 
Iql Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

34 

6.8 

- 

Output High 
(Source) 

Current, 

Iqh Min. 

4.6 

0,5 

5 

- 0.64 

- 0.61 

- 0.42 

- 0.36 

- 0.51 

-1 

- 

2.5 

0.5 

5 

-2 

- 1.8 

- 1.3 

- 1.15 

- 1.6 

- 3.2 

- 

9.5 

0,10 

10 

- 1.6 

- 1.5 

- 1.1 

- 0.9 

- 1.3 

- 2.6 

- 

13.5 

0,15 

15 

- 4.2 

-4 

- 2.8 

- 2.4 

- 3.4 

- 6.8 

- 

Output Voltage: 
Low-Level, 

Vol Max. 

- 

0,5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage: 
High-Level, 

Voh Min. 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage, 

V|[_ Max. 

0 . 5 , 4.5 


5 

1.5 

— 

- 

1.5 

V 

1.9 

- 

m 

3 

- 

- 

3 

P3EB 


o 

4 

- 

- 

4 

Input High 
Voltage, 

V|H Min. 



D 

3.5 

3.5 

- 

- 

1,9 


10 

7 

7 

— 

— 

1 . 5 , 13.5 


■a 

11 

11 

- 

- 

Input Current 

1 ||S| Max. 

- 

0,18 

18 

± 0.1 

± 0.1 

±1 

±1 



- 

± 10“ 5 

± 0.1 

JiA 



L 83-91 

r (2. 108-2. 311 ) 

CD4724BH 

DIMENSIONS AND PAD LAYOUT 

Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as 
indicated. Grid graduations are in mils (10~^ inch). 


92CM- 30918 

The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0. 1 7 mm) larger in both dimensions. 


DRAIN -TO- SOURCE VOLTAGE (Vos)-V 



Fig. 7 — Minimum output high ( source ) 
current characteristics. 



Fig. 8 — Typical propagation delay time 
( data to Qn) vs. load capacitance. 
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LOAD CAPACITANCE (C L )— pF 


Fig. 9 — Typical transition time vs. load 
capacitance. 



92CS-27680 

Fig. 10 — Typical dynamic power dissipation vs. 
address cycle time. 
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CD4724B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25° C, C L = 50 pF, 
Input t r , tf = 20 ns, R L = 200 KSl 


CHARACTERISTIC 

Propagation Delay: tp|_p|, 
tPHL 

Data to Output, 

WRITE DISABLE 

to Output, t p LH 

t PHL 

Reset to Output, 

<PHL 

Address to Output, 

t PLH- 

t PHL 

Transition Time, ^THL' 
(Any Output) tjLH 

Minimum Pulse 
Width, t w 


CONDITIONS 
SEE V DD 
Fig. 15* (v) 

5 


Minimum Setup 5 50 

Time, t s © 10 25 

Data to WRITE DISABLE 15 20 

Minimum Hold 5 75 

Time, t H © 10 40 

Data to WRITE DISABLE 15 25 

Input Capacitance, C|N Any Input 5 

‘Circled numbers refer to times indicated on master timing diagram 


LIMITS 

ALL PACKAGE TYPES 

TYP. 

MAX. 

200 

400 

75 

150 

50 

100 

200 

400 

80 

160 

60 

120 

175 

350 

80 

160 

65 

130 

225 

450 

100 

200 

75 

150 

100 

200 

50 

100 

40 

80 

100 

200 

50 

100 

40 

80 

200 

400 

100 

200 

65 

125 

75 

150 

40 

75 

25 

50 

50 

100 

25 

50 

20 

35 

75 

150 

40 

75 

25 

50 

5 

7.5 



**cs-*r«oiRi Vjg 

Fig. 11— Quiescent device current 
test circuit. 





NOTE 

TEST ANY COMBINATION 
OF INPUTS 


92CS-2744IRI 

Fig. 12— Input voltage test circuit. 


MD* 

Vss 



MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V DD AND V ss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 


Fig. 13— Input current test circuit. 


- DATA 04 
CD4724B 05 


Q3|— - DO 4 
04^-5- DO 5 


- DATA 04 - 
CD4724B 05 - 




Fig. 15— Master timing diagram. 


I 92CS-309I4 

V D D 

Fig. 14— 1 of 16 decoder /demultiplexer. 



Fig 16 — Multiple selection decoding — 4x4 
crosspoint switch. 
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CD40100B Types 


COS/MOS 32-Stage Static Left/Right Shift 


Register 

The RCA-CD40100B is a 32-stage shift reg- 
ister containing 32 D-type master-slave flip- 
flops. 

The data present at the SHI FT- RIGHT INPUT 
is transferred into the first register stage syn- 
chronously with the positive CLOCK edge, 
provided the LEFT/RIGHT CONTROL is at 
a low level, the RECIRCULATE CONTROL 
is at a high level, and the CLOCK INHIBIT 
is low. If the LEFT/RIGHT CONTROL is at 
a high level and the RECIRCULATE CON- 
TROL is also high, data at the SHIFT-LEFT 
INPUT is transferred into the 32nd register 
stage synchronously with the positive CLOCK 
transition, provided the CLOCK INHIBIT is 
low. The state of the LEFT/RIGHT CON- 
TROL, RECIRCULATE CONTROL, and 
CLOCK INHIBIT should not be changed 
when the CLOCK is high. 

Data is shifted one stage left or one stage 
right depending on the state of the LEFT/ 
RIGHT CONTROL, synchronously with the 
positive CLOCK edge. Data clocked into the 
first or 32nd register states is available at the 
SHIFT-LEFT or SHIFT-RIGHT OUTPUT 
respectively, on the next negative CLOCK 
transition (see Data Transfer Table). No 
shifting occurs on the positive CLOCK edge 
if the CLOCK INHIBIT line is at a high 
level. With the RECIRCULATE CONTROL 
low, data in the 32nd stage is shifted into the 


High-Voltage Types (20-Volt Rating) 

Features: 

■ Fully static operation 

■ Shift left/Shift right capability 

■ Multiple package cascading 

■ Recirculate capability 

■ LIFO or FI FO capability 

■ Standardized, symmetrical output 
characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 pA at 18 V 
over full package-temperature range; 

100 nA at 18 V and 25°C 

■ Noise margin (full package-temperature 

range) = 

1 Vat V DD = 5 V 

2 V at V DD = 10 V 
2.5 V at V DD = 15 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

first stage when the LEFT/RIGHT CON- 
TROL is low and from the 1st stage to the 
32nd stage when the LEFT/RIGHT CON- 
TROL is high. 

The CD40100B types are supplied in 16- 
lead hermetic dual-in-line ceramic packages 
(Dand F suffixes), 16-lead dual-in-line plas- 
tic packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 



LEFT/RIGHT 

CONTROL 


SHIFT 

lis 

SHIFT 

RIGHT 


R'GHT 

IN II 

CLOCK 


12 ° UT 

3 

CLOCK 

INHIBIT 


SHIFT 

LEFT OUT 

SHIFT 2 
IN LEFT 



IN 6 


Vdd* 16 

NC- 1.5.7. 
10.14,15 

F 

JECIRCULATE 

CONTROL 

v ss *e 


92CS- 

27567 

FUNCTIONAL DIAGRAM 


Applications: 

■ Serial shift registers 

■ Time delay circuits 

■ Expandable N-bit data storage stack 
(LIFO operation) 



DR AIN -TO -SOURCE VOLTAGE <V 0 S>-V 


Fig. 1 — / Typical output low (sink) 
curren t characteristics. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to V§s Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANYONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A - -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D,F) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D,F) . . . Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 


OPERATING-TEMPERATURE RANGE (T A ): 


PACKAGE TYPES D, F, H -55 to +125°C 

PACKAGE TYPE E * -40 to +85°C 


STORAGE TEMPERATURE RANGE (T stg ) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265°C 
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CD40100B Types 









liCL-ITi«Ki 


Fig. 3 — Logic diagram. 



DRAIN-TO-SOURCE VOLTAGE <V DS )—V 



Fig. 5 — Typical output high (source) 
current characteristics. 

DRAIN-TO-SOURCE VOLTAGE (Vos>— V 



Fig. 6 — Minimum output high (source) 
current characteristics. 



Fig. 7 — Typical propagation delay time 

(CLOCK to SHIFTLEFT/RIGHT) 
as a function of toad capacitance. 



Fig. 8 — Typical transition time as a function 
of load capacitance. 
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CD40100B Types 


RECOMMENDED OPERATING CONTITIONS at T A = 25°C, Except as Noted. 

For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges: 


CHARACTERISTIC 

V DD 

(V) 

LIMITS 

UNITS 

Min. 

Max. 

Supply-Voltage Range (For T^ = Full Package- 


3 

18 

\j 

Temperature Range) 






5 

100 

- 


Data Setup Time, tg 

10 

20 

- 

ns 


15 

10 

- 



5 

275 

- 


Data Hold Time, t[_| 

10 

100 

- 

ns 


15 

75 

- 



5 


1 


Clock Input Frequency, f^L 

10 

dc 

2.5 

mHz 


15 


3 



5 

- 

15 


Clock Input Rise or Fall Time, t r CL, tfCL 

10 

- 

15 

jus 


15 

- 

15 



5 

450 

_ 


Clock Input Pulse Width: 

10 

230 

_ 

ns 

Low Level, tyy|_ 

15 

190 

- 



5 

280 

- 


High Level, t WH 

10 

150 

- 

ns 


15 

140 

- 



CONTROL TRUTH TABLE 


LEFT/RIGHT 

CONTROL 

CLOCK 

INHIBIT 

RECIRCULATE 

CONTROL 

ACTION 

INPUT BIT 
ORIGIN 

1 

0 

1 

Shift left 

Shift left input 

,1 

0 

0 

Shift left 

Stage 1 

0 

0 

1 

Shift right 

Shift right input 

0 

0 

0 

Shift right 

Stage 32 

X 

1 

X 

No shift 

- 


DATA TRANSFER TABLE* 


INITIAL STATE 

CLOCK 

RESULTING STATE 

DATA 

INPUT 

CLOCK 

INHIBIT 

INTERNAL 

STAGE 

LEVEL 

CHANGE 

INTERNAL 

STAGE Q 

OUTPUT 

0 

0 

X 

/ 

0 

NC 

X 

0 

0 



NC 

0 

1 

0 

X 

> 

1 

NC 

X 

0 

1 

V 

NC 

1 

X 

1 

1 

X 

NC 

NC 


0 - Low level 1 = High level X = Don't care 
* For Shift-Right Mode 

Data Input = SHIFT-RIGHT INPUT (Term. 11) 
Internal Stage = Stage 1 (Q 1 ) 

Output = SHIFT-LEFT OUTPUT (Term. 4) 


NC = No change 
For Shift-Left Mode 

Data Input = SHIFT-LEFT INPUT (Term. 6) 
Internal Stage = Stage 32 (Q 32 ) 

Output = SHIFT-RIGHT OUTPUT (Term. 12) 



Fig. 9 - Typical dynamic power dissipation 
as a function of CLOCK frequency. 



Fig. 10 - Quiescent-device-current test circuit. 


V DD 

XZb 

vss 


~P 

Vss 


NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V DD AND V SS - 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
V DD OR V ss - 


92CS- 27402 


Fig. 11 — Input-current test circuit. 




\ NOTE' 

V ss TEST ANY COMBINATION 

OF INPUTS 


92CS-2744IRI 


Fig. 12 — Input-voltage test circuit. 
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CD40100B Types 


STATIC ELECTRICAL CHARACTERISTICS 



CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D,F,H Packages 
Values at -40, +25, +85 Apply to E Package 

UNITS 


V|N 

(V) 

Vdd 

(V) 


+25 


ea 



|2Q|| 

Ed 

121221 

Quiescent Device 
Current, 

IpD Max. 

- 


5 

mm 

5 

ESI 


- 

0.04 

5 

/iA 

- 


m 

■a 

KM 

ieji 

ESI 

- 

Ed 

ia 

- 

ESQ 

■a 

El 

EH 

W1M 

ESI 

- 

ESSI 

El 

- 

0,20 

20 

100 

100 

3000 

|<£j 9 

- 

0.08 

100 

Output Low 
(Sink) Current 
Iql Min. 

0.4 

■Hi 

MM 

EMM 




Idkf 

1 

- 


0.5 


m 

MEM 

MEM 

,, 

■a m 

mm 

E&fl 

- 

1.5 

H0 

mm 

mm 

4 

mm 

El 

mm 

ma 

- 

Output High 
(Source) 
Current, 
lOH Min. 

4.6 

HB 

D 



mu 

EH 


-* 

- 

2.5 

d 

5 

- 2 

BEM 

a a 

QQ 

Ha 

mam 

- 

9.5 

0,10 

10 

m i 

H9 

EB 

EE 

Ha 

m%m 

- 



■a 

ea 

-4 

EH 

EH 

HQ 

ea 

- 

Output Voltage: 
Low-Level, 

VoL Max. 


ism 

D 

0.05 

- 

0 

0.05 


- 


m 

0.05 

- 

0 

0.05 

- 

ECU 

mm 

0.05 

- 


ESI 

Output Voltage: 
High-Level, 

VoH Min. 

- 


5 

4.95 

4.95 

5 

- 

- 

mu 

B9 

9.95 

EE9I 

10 

- 

- 

mm 

■a 

14.95 

mjj 

15 

- 

Input Low 
Voltage, 

V|L Max. 


- 

5 

1.5 

— 

- 

■a 

V 

. 1.9 

- 

10 

3 

- 

— 

EH 


- 

■a 

4 

- 

- 

4 

Input High 
Voltage, 

V|H Min. 


- 

5 

3.5 

|yy| 

- 

- 

1.9 

- 

m 

7 

EE 

— 

— 


- 

O 

11 

III 

- 

- 

Input Current 
l|N Max. 

- 

0,18 

18 

±0.1 


±1 

±1 

- 

m 

±0.1 




107- IIS 
T2.7I7-2.S2I) 


The photographs and dimensions of each 
COS/MOS chip represent a chip when it 
is part of the wafer. When the wafer is 
cut into chips, the cleavage angles are 
57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated 
chip is actually 7 mils (0. 17 mm) larger 
in both dimensions. 


Dimensions and pad layout for CD40100BH. 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10~^ inch). 
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CD40100B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r , t f = 20 ns, 

C L = 50 pF, R l = 200 k£2 


CHARACTERISTIC 

TEST CONDITIONS | 

LIMITS 

! 

V DD 

V 

Min. 

Typ. 

Max. 

Propagation Delay Time: 


5 


360 

720 

Clock to Shift Left/Right 


10 


165 

330 

Output, t PLH- t PH L 


15 


115 

230 



5 


100 

200 

Transition Time, *THL' tTLH 


10 


50 

100 



15 


40 

80 



5 


50 

100 

Minimum Data Setup Time, tg 


10 


10 

20 



15 


5 

10 



5 


170 

275 

Minimum Data Hold Time, t^ 


10 


75 

100 



15 


50 

75 



5 

1 

2 


Maximum Clock Input Frequency, fQ[_ 


10 

2.5 

5 




15 

3 

6 




5 


225 

450 

Minimum Clock Input Pulse Width: 


10 


115 

230 

Low Level, tyy|_ 


15 


95 

190 



5 


140 

280 

High Level, %h 


10 


75 

150 



I 5 


70 

140 

Input Capacitance, C| jsj 

Any Input 



5 

7.5 


CLOCK INHIBIT — 2 
CLOCK — 3 

SHIFT LEFT OUT — 4 


3 —LEFT/ RIGHT CONTROL 
2 —SHIFT RIGHT OUT 
I —SHIFT RIGHT IN 
10 — NC 

9 — RECIRCULATE CONTROL 


NC=N0 CONNECTION 
92CS-27568 


TERMINAL ASSIGNMENT 




CD40101B Types 


COS/MOS 9-Bit Parity 
Generator/Checker 

High-Voltage Types (20-Volt Rating) 


The RCA-CD40101B is a 9-bit (8 data bits 
plus 1 parity bit) parity generator/checker. 
It may be used to detect errors in data trans- 
mission or data retrieval. Odd and even 
outputs facilitate odd or even parity genera- 
tion and checking. 

When used as a parity generator, a parity 
bit is supplied along with the data to generate 
an even or odd parity output. 

When used as a parity checker, the received 
data bits and parity bits are compared for 
correct parity. The even or odd outputs are 
used to indicate an error in the received 
data. 

Word-length capability is expandable by 
cascading. The CD40101B is also provided 
with an inhibit control. If the inhibit control 
is set at logical "1", the even and odd out- 
puts go to a logical “0". 

The CD40101 B types are supplied in 14- 
lead dual-in-line ceramic packages (D and F 
suffixes), 14-lead dual-in-line plastic pack- 
ages (E suffix), 14-lead ceramic flat pack- 
ages (K suffix), and in chip form (H suffix). 


TERMINAL ASSIGNMENT 


Features: 

■ 100% tested for maximum quiescent 
current at 20 V 

■ Maximum input current of 1 juA at 
18 V over full package-temperature 
range; 100 n A at 18 V and 25°C 

■ Noise margin (full package-temperature 

range): 1 V at Vpo = 5 V 

2 V at Vdd = 10 V 
2.5 V at V DD = 15. V 

* 5-V, 10-V, and 15-V parametric ratings 

a Standardized, symmetrical output 
characteristics 

■ Meets all requirements of JEDEC 
Tentative Standard No.13A, "Standard 
Specifications for Description of 'B' 
Series CMOS Devices." 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V QD ) 

(Voltages referenced to Vgs Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 1 2 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D,F) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D, F) . . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T sta ) -65 to +150°C 


INHIBIT^ 

1 

vdd ■ 14 

Dl 1— £> 


VSS-7 

02 2— 

D 

in. EVEN 

03 3— £> 


‘''OUTPUT 

04 4 — £> 

C 


05 10 — 

0 


0 « "-O— 

0 

K. OOP 

07 12 — £> 

D8 13 — £>* 

D9 5 — £>. 

E 

^OUTPUT 

FUNCTIONAL DIAGRAM 


LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch ( 1 .59 ± 0.79 mm) from case for 1 0 s max. 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges: 


CHARACTERISTIC 


Supply-Voltage Range (For Ta = 
Full Package-Temperature Range) 


| LIMITS | 

MIN. 

MAX. 

3 

18 



ALL INPUTS ARE i 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


Inputs 

Outputs 

D1-D9 

Inhibit 

Even 

Odd 

Zl's=Even 

0 

1 

0 

2l's=Odd 

0 

0 

1 

X 

1 

0 

0 


X = Don't Care 
Logic 1 = High 
Logic 0 = Low 


Fig. 1 — CD40101B logic diagram. 
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CD 40101 B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 


Quiescent Device 
Current, 

IpD Max- 


Output Low 
(Sink) Current 
IqL Min. 

Output High 
(Source) 
Current, 

Iqh Min. 

Output Voltage: 
Low-Level, 

Vol Max. 

Output Voltage: 
High-Level, 
VoH Min. 

Input Low 
Voltage, 

V||_ Max. 


LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS Valuesat— 55, +25, +125 Apply to D,F,H Packages 
Values at -40, +25, +85 Apply to E Package 



V|N 



+25 | 

(V) 

(V) 

(V) 

-55 

-40 

+85 

+125 

Min. 

Typ. Max. 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 5 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 100 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3 4 

6.8 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

2.5 

0.5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 


9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

BSIHI 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

EEM 




Input Current 
1 1 |sj Max. 


0,18 18 ±0.1 ±0.1 


± 10 — 5 ± 0.1 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C; Input t r , t f = 20 ns, 

Ci =50 pF, Rl = 200 kft 


rt GATE-TO-SOURCE VOLTAGE (Vgs)*H 


DRAIN-TO-SOURCE VOLTAGE (V 0 S>-V 


Fic/. 2 — Typical output low (sink) 
current characteristics. 
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DRAIN-TO-SOURCE VOLTAGE (Vds)— V 


Fig.3 — Minimum output low (sink) 
current characteristics. 


0RAIN- TO- SOURCE VOLTAGE (V D S>- 


HD HU 

AMBIENT TEMPERATURE (Ta)« 25*C j | j | | | | j j j 

I II H I 1 I GATE-TO-SOURCE VOLTAGE (vJc^-SV 


CHARACTERISTIC 


Data Propagation Delay Time, 
tPHL, tPLH 

Inhibit-to-Output Propagation 
Delay Time, tp|-|L, tPLH 


TEST COND ITIONS 
V D D 
(V) 




Fig A — Typical output high (source) 
current characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vqs)— V 


AMBIENT TEMPERATURE tT A J-l 

1444-14444 HUH I IH I i ll mu l i t I ti ll I -W T 

4 I I I I ) 4 | 4 GATE -TO- SOURCE VOLTAGE (V GS )»-5 Vff 


Transition Time, ty|_(L»tTLH 


Input Capacitance, C| 


Any Input 


Fig. 5 — Minimum output high (source) 
current characteristics. 










CD40101B Types 



LOAD CAPACITANCE ( C L 1- pF 




Fig. 6 — Typical propagation delay time as a function 
of load capacitance. 


LOAD CAPACITANCE (C L >— pF 


Fig. 7 — Typical transition time as a function Fig. 8 — Typical dynamic power dissipation as 
of load capacitance. a function of input frequency. 




Fig.9 — Dynamic power dissipation 
test circuit. 


Fig. 10 - Quiescent-device- 
current test circuit. 





MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V DD ANDV SS - 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
V DD OR V ss - 


Fig. 11 — Input-leakage 
current. 



NOTE 

TEST ANY 
COMBINATION 
OF INPUTS 


Fig. 12 — Input-voltage 
test circuit 


DIMENSIONS AND PAD LAYOUT FOR CD40101B 


O hO 20 30 40 50 60 | 70 



The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0.17 mm) larger in both dimensions. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (1 0~ 3 inch). 







CD40102B, CD40103B Types 


COS/MOS 8-Stage 
Presettable Synchronous 
Down Counters 

High-Voltage Types (20-Volt Rating) 

CD40102B — 2-Decade BCD Type 
CD40103B — 8-Bit Binary Type 

The RCA-CD40102B, and CD40103B con- 
sist of an 8-stage synchronous down counter 
with a single output which is active when the 
internal count is zero. The CD40102B is con- 
figured as two cascaded 4-bit BCD counters, 
and the CD40103B contains a single 8-bit 
binary counter. Each type has control inputs 
for enabling or disabling the clock, for clear- 
ing the counter to its maximum count, and 
for presetting the counter either synchro- 
nously or asynchronously. All control inputs 
and the CARRY-OUT/ZERO-DETECT out- 
put are active-low logic. 

In normal operation, the counter is decre- 
mented by one count on each positive tran- 
sition of the CLOCK. Counting is inhibited 
when the CARRY-IN/COUNTER ENABLE 
(CT7CE) input is high. T he CARRY-OUT/ 
ZERO-DETECT (CO/ZD) output goes low 
when the count reaches zero if the CI/CE 
input is low, and remains low for one full 
clock period. 

When the SYNCHRONOUS PRESET-ENA- 


Features: 

■ Synchronous or asynchronous preset 

■ Medium-speed operation: f CL = 

3.6 MHz (typ.) @ Vqd = 10 V 

■ Cascadable 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 pA at 18 V 
over full package-temperature range; 100 
nA at 18 V and 25°C 

■ Noise margin (full package-temperature 

range) = 1 V at Vdd = 5 V 

2 Vat Vdd = 10 V 

2.5 Vat V DD = 15 V 

■ Standardized, symmetrical output 
characteristics 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Ten- 
tative Standard No.13A, "Standard 
Specifications for Description of 'B' 

Series CMOS Devices" 

Applications: 

■ Divide-by-"N" counters 

■ Programmable timers 

■ Interrupt timers 

■ Cycle/program counter 



92CS-288II 

CD40102B, CD40103B 
FUNCTIONAL DIAGRAM 


RECOMMENDED OPERATING CONDITIONS AT Ta = 25°C, Unless Otherwise Specified 

For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges. 


BLE (SPE) input is low, data at the JAM in- 
put is clocked into the counter on the next 
positive clo ck tran sition regardless of the 
state of the CI/CE input. When the ASYN- 
CHRONOUS PRESET-ENABLE (APE) in- 
put is low, data at the JAM inputs is asyn- 
chronously forced into the cou n ter reg ard- 
less of the state of the SPE, CI/CE, or 
CLOCK inputs. JAM inputs JO-J7 represent 
two 4-bit BCD words for the CD40102B and 
a single 8-bit binary word for the CD40103B. 
When the CLEAR (CLR) input is low, the 
counter is asynchronously cleared to its 
maximum count (99-|0 for the CD40102B 
and 255-| o for the CD40103B) regardless of 
the state of any other input. The precedence 
relationship between control inputs is indi- 
cated in the truth table. 

If all control inputs are high at the time of 
zero count, the counters will jump to the 
maximum count, giving a counting sequence 
of 100 or 256 clock pulses long. 

The CD40102B and CD 40103B may be cas - 
caded using the CI/CE input and the CO/ZD 
output, in either a synchronous or ripple 
mode as shown in Figs. 21 and 22. 

The CD40102B and CD40103B types are 
supplied in 16-lead hermetic dual-in-line 
ceramic packages (D and F suffixes), 16- 
lead dual-in-line plastic packages (E suffix), 
16-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 


Characteristic 

| 

Vdd 

LIMITS 

Units 

Min. 

Max. 

Supply Voltage Range (At Ta = Full Package- 





Temperature Range) 


3 

1 KJ 

V 


5 

300 

- 


Clock Pulse Width, tyy 

10 

180 

- 

ns 


15 

80 

~ 



5 

320 

- 


Clear Pulse Width, tyy 

10 

160 

- 

ns 


15 

100 

- 



5 

360 

- 


APE Pulse Width, tyy 

10 

160 

- 

ns 


15 

120 




5 

- 

0.7 


Clock Input Frequency, fyy 

10 

- 

1.8 

MHz 


15 

- 

2.4 



5 

- 



Clock Rise and Fall Time, t r CL, tfCL 

10 

- 

15 

ps 


15 

- 




5 

280 

- 


SPE Setup Time, tsu 

10 

140 

- 

ns 


15 

100 

- 



5 

200 

- 


Jam Setup Time, tgy 

10 

80 

- 

ns 


15 

60 

- 



5 

500 

_ 


CI/CE Setup Time, tgy 

10 

250 

- 

ns 


15 

150 

— 
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CD40102B, CD40103B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE. (V QD ) 

(Voltages referenced to Vgs Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL.INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 1 2 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D,F,) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D, F, ) . . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D, F, H . -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING). 

At distance 1 /1 6 ± 1 /32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 



Fig. 1 — Typical output low (sink) current 
characteristics. 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 
Values at —55, ±25, ±125 Apply to D, F,H Packages 
Values at -40, ±25, ±85 Apply to E Package 

UNITS 

vo 

(V) 

V|N 

(V) 

VDD 

(V) 


±25 

-55 

-40 

±85 

±125 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, 

IqD M a x - 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

pA 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 
(Sink) Current 
Iql Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

34 

6.8 

- 

Output High 
(Source) 

Current, 

IqH Min. 

4.6 

0,5 

5 


mu 

BPfPI 



-1 

- 

2.5 

0,5 

5 


mm 

SB 

ESS 

HQ 

mi 

- 

9.5 

0,10 

MEM 

HO 

m 

-1.1 

ESS 

ED 

MEL* 

- 

13.5 

0,15 

■a 



-2.8 

ED 

ED 

ED 

- 

Output Voltage: 
Low-Level, 

Vol Max. 

- 

0,5 

5 

0.05 

- 

0 

0.05 

1 

- 

0,10 

MEM 

0.05 

- 

0 

0.05 

- 

0,15 

■a 

0.05 

- 



Output Voltage: 
High-Level, 

VoH Min. 

- 

0,5 

5 

4.95 

Qjjj] 

5 

- 

- 

0,10 

■a 

9.95 

mai 

mm 

- 

- 

0,15 

MEM 

14.95 


mm 

- 

Input Low 
Voltage, 

Vil Max. 

0.5, 4.5 

- 

5 

1.5 

- 

- 

na 

1 

1, 9 

- 

10 

3 

- 

- 

3 

1.5,13.5 

- 

15 

4 

- 

- 

mu 

Input High 
Voltage, 

V|H Min. 

0.5, 4.5 

- 

5 

3.5 


- 

- 

1,9 

- 

10 

7 

2 

- 

— 

1.5,13.5 

- 

El 

11 

eh 

- 

- 

inaa 

- 


D 



±1 

+1 


m 

±0.1 

/iA 1 



AMBIENT TEMPERATURE (T 

&)*25*C 



-U4-- 

nil 

xnp 

J 15 
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:: 
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DR AIN-T0- SOURCE VOLTAGE (V D S>— V 

Fig. 2 — Minimum output low (sink) current 
characteristics. 
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Fig. 3 — Typical output high (source) current 
characteristics. 
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Fig. 4 — Minimum output high (source) current 
characteristics. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, C L = 50 pF, 
Input t r , tf = 20 ns, Rj_ = 200 k£2 


CD40102B, CD40103B Types 


Characteristic 

Conditions 


Limits 

1 

Units 

VDD 

All Packages 







Propagation Delay Time (tpHL, tPLH) ; 

5 


300 



Clock-to-Output (See Fig. 10) 

10 

- 

130 

lipS 



15 

- 

95 





- 

200 

■ 


Carry In/Counter Enable-to-Output 


- 

90 





- 

65 

■ 








5 

— 

■ 



Asynchronous Preset Enable-to-Output 

10 

- 

m 




15 

- 

ESI 




5 

- 

375 

■ 


Clear-to-Output 

10 

- 

180 




15 

- 





5 

- 

100 

200 


Transition Time (tTHL/tTLH) 

10 

- 

50 

100 

ns 


15 

- 

40 

80 



5 

- 

150 

300 


Minimum Clock Pulse Width, (tyy) 

10 

- 

90 

180 


15 

- 

40 

80 



5 

- 

160 

320 


Minimum CLR Pulse Width (t^) 

10 

- 

80 

160 



15 

- 

50 

100 



5 


180 

360 


Minimum APE Pulse Width (ty/y) 

10 


80 

160 



15 

- 

60 

120 

ns 


5 

- 

140 

280 


Minimum SPE Set-Up Time (tsu) 

10 

- 

70 

140 



15 

- 

50 

100 



5 

_ 

250 

500 


Minimum CI/CE Setup Time (tgy) 

10 

- 

125 

250 



15 

- 

75 

150 



5 

- 

100 

200 


Minimum JAM Set-Up Time (tgy) 

10 

- 

40 

80 



15 

- 

30 

60 


Maximum Clock Input Frequency (fQi_) 

5 

0.7 

1.4 

- 


(See Fig. 1 1 ) 

10 

1.8 

3.6 

- 

MHz 


15 

2.4 

4.8 

- 


Input Capacitance (C|[\|) 


- 

5 

7.5 

pF 



NT TEMPERATURE 

(T A ).23*cffi$t$fi; 
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LOAD CAPACITANCE (C L )-pF 

92CS-24322 

Fig. 5 — Typical transition time as a function of 
load capacitance. 



92CS - 28816 

Fig. 6 — Typical propagation delay time as a func- 
tion of load capacitance (clock to CO /ZD). 



Fig. 7 — Typical maximum dock input frequency 
as a function of supply voltage. 



Fig. 8 — Typical dynamic power dissipation as a 
function of frequency. 


Fig. 9 — Quiescent device 

current test circuit. Fig - 10 — Input voltage test circuit. Fig. 1 1 — Input current test circuit. 
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CD40102B, CD40103B Types 




Fig. 12 — Logic diagram for CD40102B. 
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CD40102B, CD40103B Types 




ALL INPUT TERMINALS 
(ALL TERMINALS EXCEPT 0, 14, 8 16) ARE 
PROTECTED BY STANDARD COS/MOS 
PROTECTION NETWORK 


V SS 

Fig. 13 — Logic diagram for CD40103B. 

TRUTH TABLE 


CONTROL INPUTS 

PRESET 

ACTION 

CLR 

APE 

SPE 

ci7ce 

MODE 


1 

1 

1 

1 


Inhibit counter 

1 

1 

1 

0 

Synchronous 

Count down 

1 

1 

0 

X 


Preset on next positive 
clock transition 

1 

0 

X 

X 

Asynchronous 

Preset asynchronously 

0 

X 

X 

X 


Clear to maximum count 


Notes: 1. 0 = Low level 

1 = High level 
X = Don't care 


2. Clock connected to clock input 

3. Synchronous operation: changes occur on negative-to- 
positive clock transitions 

4. JAM inputs: CD40102B BCD; MSD = J7.J6.J5.J4 (J7 is MSB) 

LSD = J3.J2.J1 ,J0 (J3 is MSB) 
CD40103B Binary; MSB = J7, LSB = JO 
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CD40102B, CD40103B Types 



Fig. 14 — Detail logic diagram for flip-flops , FFO — FF7, 

used in logic diagrams for CD40102B and CD40103B. 
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CD40I02B COUNT 

CD40I03B COUNT 

99 

255 

98 
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3 
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1 

99 

255 
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98 

254 

97 

253 

8 
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5 

4 

4 

99 
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98 
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97 
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96 
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Fig. 15 — Timing diagram for CD40102B and CD40103B. 



CD40102B, 

CD40103B 

TERMINAL ASSIGNMENT 
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CD40102B, CD40103B Types 



V DD 



Fig. 16 — Maximum dock frequency Fig. 17 — Dynamic power dissipation test circuit 

test circuit. (+2 mode). Fig. 18 — Divide-by-"N" counter. 



v S s 

N * TIME OUT x f iN 


92CS-277I4RI 

Fig. 19 — Programmable timer. 


V DD 



V SS 


92CS-277I5 

Fig.20 — Microprocessor interrupt timer. 



* An output spike (160 ns @ Vqd = 5 V) occurs 
whenever two or more devices are cascaded in 
the parallel-clocked mode because the clock-to- 
carry out delay is greater than the carry-in-to- 
carry out delay. This spike is eliminated by 
gating the output of the last device with the 
clock as shown. 


Fig. 21 — Synchronous cascading. 



__ _ . .. The photographs and dimensions of each COS/MOS 

ig. ipp e cas mg. c/i/p represent a chip when it is part of the wafer. 

Dimensions in parentheses are in millimeters and When the waferiscut into chipS/ the cleavage angles 

are derived from the basic inch dimensions as in- are 5?0 instead of 90 o with respect to the face of 

dicated. Grid graduations are in mils ( 10r * inch). the chjp Therefore> the isolated chip is actua n y 

7 mils (0.17mm) larger in both dimensions. 
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CD40104B, CD40194B Types 


COS/MOS 4-Bit Bidirectional 
Universal Shift Register 


High-Voltage Types (20 Volt Rating) 

The RCA-CD40104B is a universal shift 
register featuring parallel inputs, parallel 
outputs, SHIFT RIGHT and SHIFT LEFT 
serial inputs, and a high-impedance third 
output state allowing the device to be us- 
ed in bus-organized systems. 

In the parallel-load mode (SO and SI are 
high), data is loaded into the associated 
flip-flop and appears at the output after 
the positive transition of the CLOCK in- 
put. During loading, serial data flow is in- 
hibited. Shift-right and shift-left are ac- 
complished synchronously on the 
positive clock edge with serial data 
entered at the SHIFT RIGHT and SHIFT 
LEFT serial inputs, respectively. Clearing 
the register is accomplished by setting 
both mode controls low and clocking the 
register. When the output enable input is 
low, all outputs assume the high im- 
pedance state. 

The RCA-CD40194B is a universal shift 
register featuring parallel inputs, parallel 
outputs SHIFT RIGHT and SHIFT LEFT 
serial inputs, and a direct overriding clear 
input. In the parallel-load mode (SO and SI 
are high), data is loaded into the 
associated flip-flop and appears at the 
output after the positive transition of the 
CLOCK input. During loading, serial data 
flow is inhibited. Shift right and shift left 
are accomplished synchronously on the 
positive clock edge with data entered at 
the SHIFT RIGHT and SHIFT LEFT serial 
inputs, respectively. Clocking of the 
register is inhibited when both mo de con- 
trol inputs are low. When low, the RESET 
input resets all stages and forces all out- 
puts low. 


Features: 

■ Medium-speed: fQL = 12 MHz 
(typ.) @ Vqd = 10 V 

■ Fully static operation 

■ Synchronous parallel or serial operation 

h Three-state outputs (CD40104B) 

■ Asynchronous master reset (CD40194B) 

■ Standardized, symmetrical output 
characteristics 

■ 5-V, 10-V, and 15-V parametric 
ratings 

■ Meets all requirements of JEDEC 
Tentative Standard No. 13A, “Stan- 
dard Specifications for Descrip- 
tion of ‘B’ Series CMOS Devices 


Applications: 

■ Arithmetic unit bus registers 

■ Serial/parallel conversions 

b General-purpose register for bus- 
organized systems 
b General-purpose registers 


The CD40104B and CD40194B types are 
supplied in 16-lead ceramic dual-in-line 
packages (D and F suffixes), 16-lead dual- 
in-line plastic packages (E suffix), 16-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 

The CD40194B is similar to industry types 
340194 and MC40194. 


MAXIMUM RATINGS, Absolute-Maximum Values: 




CD40194B 

FUNCTIONAL DIAGRAM 



DR AIN -TO -SOURCE VOLTAGE (V[)s) — V 


Fig. 1—jTypical n-channel output low (sink) 
current characteristics. 


DC SUPPLY-VOLTAGE RANGE, (V D q) 

(Voltages referenced to Vss Terminal) —0.5 to + 20V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5toV DD +0.5V 

DC INPUT CURRENT, ANY ONE INPUT ± 10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A — 40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to + 85°C (PACKAGE TYPE E) Derate Linearly at 12mW/°Cto 200 mW 

For T A = -55 to + 100°C (PACKAGE TYPES D, F) 500 mW 

ForT A = + 100 to + 125°C (PACA KG E TYPES D, F) Derate Linearly at 12 mW/°Cto 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FORTa = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, H -55 to + 125°C 

PACKAGE TYPE E —40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) —65 to + 150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10s max +265°C 



Fig. 2— Minimum n-channel output low (sink) 
current characteristics. 
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CD40104B, CD40194B Types 


RECOMMENDED OPERATING CONDITIONS at Ta = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so 
that operation is always within the following ranges: 


CHARACTERISTIC 

VDD 

(V) 

LIMITS 

UNITS 

Min. 

Max. 

Supply-Voltage Range (For Package-Temperature Range) 


3 

18 

V 


5 

100 




Setup Time, t s 

10 

70 



DO, D3, SR|n, SL|fsjto clock 

15 

50 

— 



5 

400 

— 


SELECT 0, SELECT 1 to clock 

10 

220 

— 



15 

130 

— 



5 

0 

_ 


Hold Time, tn 

10 

o 



DO, D03, SR|n’ SL|n to clock 

15 

0 

— 

ns 


5 

0 

— 

SELECT 0, SELECT 1 to clock 

10 

0 

— 



15 

0 

— 



5 

180 

— 


Clock Pulse Width, t w 

10 

80 

— 



15 

50 

- 



5 

— 

3 


Clock Input Frequency fCL 

10 

— 

6 

MHz 


15 

— 

8 



5 

1000 

— 


Clock Input Rise or Fall Time, t r CL, tfCL 

10 

100 

— 

pS 


15 

100 

— 



5 

300 

— 


Reset Pulse Width,* twR 

10 

200 

— 

ns 


15 

140 

- 



* For CD40194B series only. 


CONTROL TRUTH TABLE FOR CD40194B SERIES 


CLOCK* 

MODE SELECT 

OUTPUT 

ENABLE 

ACTION 

so 

Si 


0 

0 

1 

Reset 

-T 

1 

0 

1 

Shift right (Qo toward Q 3 ) 


0 

1 

1 

Shift left (Q 3 toward Qo) 


1 

1 

1 

Parallel load 

X 

X 

X 

0 

Operations occur as shown 
above, but outputs assume high 
impedance 


CONTROL TRUTH TABLE FOR CD40194B SERIES 



MODE SELECT 


ACTION 

so 

Si 


X 

0 

0 

1 

No Change 

s 

1 

0 

1 

Shift Right (Q0 toward Q3) 

S’ 

0 

1 

1 

Shift Left (Q3 toward Q0) 

_r 

1 

1 

1 

Parallel Load 

X 

X 

X 

0 

Reset 


DRAIN-TO-SOURCE VOLTAGE (V DS )—V 



Fig. 3— (Typical p-channel output high (source) 
current characteristics. 

DRAIN-TO-SOURCE VOLTAGE (Vos>— V 
H5 -10 -5 0 


AMBIEN 

T 



E 

MPERATURE (T A )=25°c4 : 

sis 

: 

:::::: 

5 


i 

| 

S 




3 

f 


I 



3 


•" ' : M-l ' ,T. . 

:<v c 

|e 

=--= 

1 





7 

: 

H 


: 

1 




J 

-5 5 

-10 2 

-15 i 

3 

O 


Fig. 4— (Minimum p-channel output high (source) 
current characteristics. 



function of load capacitance, 
(CLOCK to Q). 



1 = High level X = Don’t care 

0 = Low level A = Level change 


Fig. 6 — Typical transition time as a function 
of load capacitance. 
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CD40104B, CD40194B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES 

<°C) 

Values at —55, + 25, + 125 Apply 
to D,F,H Packages 

Values at —40, +25, +85 Apply to E 

Package 

U 

N 

1 

T 

S 

vo 

(V) 

V|N 

(V) 

Vdd 

(V) 

—55 

-40 

+ 85 

+ 125 

+ 25 

Min. 

Typ. 

Max. 

Quiescent 

Device 

Current, 

Iqd Max. 

— 

0,5 

5 

5 

5 

150 

150 

— 

0.04 

5 

mA 

— 

0,10 

10 

10 

10 

300 

300 

— 

0.04 

10 

— 

0,15 

15 

20 

20 

600 

600 

— 

0.04 

20 

— 

0,20 

20 

100 

100 

3000 

3000 

— 

.0.08 

100 

Output Low 
(Sink) 
Current, 
lOL Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

— 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

— 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

Output 

High 

(Source) 

Current, 

•OH Min. 

4.6 

0,5 

5 

—0.64 

—0.61 

-0.42 

-0.36 

-0.51 

-1 



2.5 

0,5 

5 

—2 

— 1.8 

— 1.3 

-1.15 

-1.6 

—3.2 

— 

9.5 

0,10 

10 

—1.6 

-1.5 

— 1.1 

-0.9 

— 1.3 

-2.6 

— 

13.5 

0,15 

15 

—4.2 

—4 

—2.8 

-2.4 

-3.4 

-6.8 

— 

Output Volt- 
age: Low- 
Level , 
Voi_Max. 

— 

0,5 

5 

0.05 

— 

0 

0.05 

V 

— 

0,10 

10 

0.05 

— 

0 

0.05 

~ 

0,15 

15 

0.05 


0 

0.06 

Output Volt- 
age: High- 
Level, 

Voh Min. 

— 

0,5 

5 

4.95 

4.95 

5 

— 

— 

0,10 

10 

9.95 

9.95 

10 

— 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 

Voltage, 

V|i_Max. 

0.5, 4.5 

— 

5 

1.5 

— 

— 

1.5 

1,9 

— 

10 

3 

— 

— 

3 

1.5,13.5 

— 

15 

4 

— 

— 

4 

Input High 
Voltage, 

V|h Min. 

0.5, 4.5 

— 

5 

3.5 

3.5 

— 


1,9 

— 

10 

7 

7 

— 

— 

1.5,13.5 

- 

15 

11 

11 

— 

— 

Input 

Current 
l|N Max. 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10“5 

±0.1 


3-State 
Output 
Leakage 
Current, 
lOUT Max. 

0,18 

0,18 

18 

±0.4 

±0.4 

±12 

±12 

- 

±10—4 

±0.4 

i 

pA 



Fig. 9— Typical power dissipation as a function 
of frequency. 



rru_m 


92CS-32283 

Fig. 10— Dynamic power dissipation test circuit. 



Fig. 11 — Quiescent-device-current test circuit. 
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CD40104B, CD40194B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, 
Input t r , tf = 20 ns, Cl = 50 pF, Rl = 200 kQ 


CHARACTERISTIC 

TEST 

CONDITIONS 

LIMITS 

UNITS 


Vdd 

V 

Min. 

Typ. 

Max. 

Propagation Delay Time: 


5 

— 

220 

440 


Clock to Q tPHL. tpLH 


10 

— 

100 

200 




15 

— 

70 

140 


3-State Outputs:* 







High Impedance 


5 

— 

80 

160 


tpZH.tPZL 


10 

— 

35 

70 


tPLZ 


15 

— 

25 

50 




5 

— 

45 

90 


tPHZ 


10 

— 

25 

50 




15 

— 

20 

40 


Output Transition Time 


5 

— 

100 

200 


tTHL tTLH 


10 

— 

50 

100 




15 

— 

40 

80 


Minimum Setup Time: t s 


5 

— 

80 

100 


DO, D3, SR|n, SL|N to 


10 

— 

35 

70 

ns 

Clock 


15 

— 

20 

50 


SELECT 0, SELECT 1 


5 

— 

200 

400 


to Clock 


10 

— 

110 

220 




15 

— 

65 

130 


Minimum Hold Time: tn 


5 

— 

-65 

0 


DO, D3, SR|n, SL|n 


10 

— 

-25 

0 


to Clock 


. 15 

— 

-15 

0 


SELECT 0, SELECT 1 


5 

— 

-170 

0 


to Clock 


10 

— 

-95 

0 




15 

— 

-55 

0 


Minimum Clock Pulse 


5 

— 

90 

180 


Width tw 


10 

— 

40 

180 




15 

— 

25 

50 


Maximum Clock Input 


5 

3 

6 

— 


Frequency fCL 


10 

6 

12 

— 

MHz 



15 

8 

15 

— 


Maximum Clock Rise or 







Fall Time 


5 

— 

— 

1000 


t r CL, tfCL 


10 

— 

— 

100 

pS 



15 

— 

— 

100 


Mininum Reset Pulse 







Width* 


5 

— 

150 

300 


tWR 


10 

— 

100 

200 




15 

— 

70 

140 


Reset Propagation Delay* 


5 

- 

230 

460 

ns 

tPRHL 


10 

— 

90 

180 




15 

— 

65 

130 


Input Capacitance Cin 

Any Input 

- 

5 

7.5 

PF 


■ For CD40104B series only. * For CD40194B series only. 


V DO 



] NOTE: 

V ss TEST ANY COMBINATION 

OF INPUTS 

92CS-2744IRI 

Fig. 12— Input-voltage test circuit. 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V DD ANO V S S 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
V DD 0RV SS’ 


92CS-i’7402 

Fig. 13— Input current test circuit. 


TERMINAL DIAGRAMS 


Top View 


OUTPUT ENABLE 
SHIFT RIGHT IN 

DO 


SHIFT LEFT IN- 

vss- 



— CLOCK 
I — SELECT I 
SELECT 0 


CD40104B 


Top View 


RESET 
SHIFT RIGHT 
DO 
Dl 
D2 
D3 

SHIFT LEFT 
V S S 

TOP VIEW 92C5- 27603 

CD40194B 
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CD40104BH CD40194BH Types 


0 10 20 30 40 50 60 70 80 90 97 



Dimensions and pad layout for CD40104BH 



92CS-32287 

Dimensions and pad layout for CD40194BH 


The photographs and dimensions represent 
a chip when it is part of the wafer. When the 
Dimensions in parentheses are in millimeters and wafer is cut into chips, the cleavage angles 

are derived from the basic inch dimensions as in- are 57 0 instead of 90° with respect to the 

dicated. Grid graduations are in mils (10~ 3 inch). face of the chjp Therefore, the isolated 

chip is actually 7 mils (0.17 mm) larger 
in both dimensions. 
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CD40105B Types 


COS/MOS FIFO Register 

4 Bits X 16 Words 

High-Voltage Types (20-Volt Rating) 

The RCA-CD40105B is a low-power first-in- 
first-out (FIFO) “elastic" storage register 
that can store 16 4-bit words. It is capable of 
handling input and output data at different 
shifting rates. This feature makes it particu- 
larly useful as a buffer between asynchronous 
systems. 

Each word position in the register is clocked 
by a control flip-flop, which stores a marker 
bit. A "1 " signifies that the position's data is 
filled and a "0" denotes a vacancy in that 
position. The control flip-flop detects the 
state of the preceding flip-flop and com- 
municates its own status to the succeeding 
flip-flop. When a control flip-flop is in the 
"0" state and sees a "1" in the preceding 
flip-flop, it generates a clock pulse that 
transfers data from the preceding four data 
latches into its own four data latches and 
resets the preceding flip-flop to "0". The 
first and last control flip-flops have buffered 
outputs. Since all empty locations "bubble" 
automatically to the input end, and all valid 
data ripple through to the output end, the 
status of the first control flip-flop (DATA- 
IN READY) indicates if the FIFO is full, 
and the status of the last flip-flop (DATA- 
OUT READY) indicates if the FIFO con- 
tains data. As the earliest data are removed 
from the bottom of the data stack (the out- 
put end), all data entered later will automati- 
cally propagate (ripple) toward the output. 

Loading Data - Data can be entered when- 
ever the DATA-IN READY (DIR) flag is 
high, by a low to high transition on the 
SHIFT-IN (SI) input. This input must go low 
momentarily before the next word is accepted 
by the FIFO. The DIR flag will go low 
momentarily, until the data have been trans- 


Features: 

■ Independent asynchronous inputs and outputs 

■ 3-state outputs ■ Expandable in either direction 

■ Status indicators on input and output ■ Reset capability 

■ Standardized, symmetrical output characteristics 

■ 100% tested for quiescent current at 20 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Maximum input current of 1 /iA at 18 V 
over full package-temperature range; 

100 nA at 18 V and 25°C 

■ Noise margin (overfull package-temperature 
range): 1 V at V DD = 5 V 

2 V at V DD = 10 V 2.5 Vat V DD = 15 V 



■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 


ferred to the second location. The flag will 
remain low when all 16-word locations are 
filled with valid data, and further pulses on 
the SI input will be ignored until DIR goes 
high. 

Unloading Data - As soon as the first word 
has rippled to the output, DATA-OUT 
READY (DOR) goes high, and data can be 
removed by a falling edge on the SO input. 
This falling edge causes the DOR signal to 
go low while the word on the output is 
dumped and the next word moves to the 
output. As long as valid data are available 
in the FIFO, the DOR signal will go high 
again signifying that the next word is ready 
at the output. When the FIFO is empty, 
DOR will remain low, and any further 
commands will be ignored until a "1 " marker 
ripples down to the last control register, 


Applications: 

■ Bit rate smoothing 

■ CPU/terminal buffering 

■ Data communications 

■ Peripheral buffering 

■ Line printer input buffers 

■ Auto dialers 

■ CRT buffer memories 

■ Radar data acquisition 

when DOR goes high. Unloading of data is 
inhibited while the 3-state control input is 
high. The 3-state control signal should not be 
shifted from high to low (data outputs 
turned on) while the SHIFT-OUT is at logic 
0. This level change would cause the first 
word to be shifted out (unloaded) immedi- 
ately and the data to be lost. 

Cascading - The CD40105B can be cascaded 
to form longer registers simply by connecting 
the DIR to SO and DOR to SI. In the cas- 
caded mode, a MASTER RESET pulse must 
be applied after the supply voltage is turned 
on. For words wider than 4 bits, the DIR 
and the DOR outputs must be qated together 
with AND gates. Their outputs drive the 
SI and SO inputs in parallel, if expanding 
is done in both directions (see Figs. 4 and 5). 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V pD ) 

(Voltages referenced to V 55 Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE, INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P p ): 

For T a = -40 to +60 C (PACKAGE TYPE E) d 500 mW 

For T A = +60 to +85° C (PACKAGE TYPE E) Derate Linearly at 12 mW / C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D, F) q . 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D, F) . . . Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D. F, H -55 to +1 25°C 


3-State Outputs — In order to facilitate data 
busing, 3-state outputs are provided on the 
data output lines, while the load condition 
of the register can be detected by the state 
of the DOR output. 

Master Reset — A high on the MASTER 
RESET (MR) sets all the control logic marker 
bits to "0". DOR goes low and DIR goes 
high. The contents of the data register are 
not changed, only declared invalid, and will 
be superseded when the first word is loaded. 
The shift-in must be low during Master Reset. 
The CD40105B types are supplied in 16- 
lead hermetic dual-in-line ceramic pack- 


PACKAGETYPEE -40 to +85 C ages (D and F suffixes), 1 6-lead dual-in-line 

STORAGE TEMPERATURE RANGE (T stg ) -65to+i50°C plastic packages (E suffix), 1 6-lead ceramic 

LEAD TEMPERATURE (DURING SOLDERING): o flat packages (K suffix), and in chip form (H 

At distance 1/16 ±1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265°C suffix). 
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CD40105B Types 


RECOMMENDED OPERATING CONDITIONS at 25°C, Except as Noted 

For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges: 


CHARACTERISTIC 

V DD 

(V) 

LIMITS 

UNITS 

Min. 

Max. 

Supply-Voltage Range (For T^ = Full Package- 





Temperature Range) 

- 

3 

18 

V 


5 

- 

1.5 


Shift-In or Shift-Out Rate 

10 

- 

3 

MHz 


15 

— 

4 



5 

200 

_ 


Shift-In Pulse Width 

10 

80 

- 

ns 


15 

60 

- 



5 

360 

_ 


Shift-Out Pulse Width 

10 

160 

_ 

ns 


15 

100 

- 



5 

_ 

15 


Shift-In or Shift-Out Rise Time 

10 

- 

15 

Ms 


15 

- 

15 



5 

- 

15 


Shift-In Fall Time 

10 

- 

15 

Ms 


15 

- 

15 



5 

— 

15 


Shift-Out Fall Time 

10 

- 

5 

MS 


15 

- 

5 



5 

350 

_ 


Data Hold Time 

10 

150 

- 

ns 


15 

120 

- 



5 

220 

_ 


Master Reset Pulse Width 

10 

90 

- 

ns 


15 

60 

- 





Fig. 2 — CD40105B functional block diagram. 



Fig. 3 — Expansion , 4-bits wide-by-16 N-bits long. 



Fig. 4 - Typical output low fsink) current 
characteristics. 



Fig. 5 - Minimum output low (sink) 
current characteristics. 
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CD40105B Types 


STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (°C) jjj 

CHARAC- CONDITIONS Values at -55, +25, +125 Apply to D,F,H Packages | 

TERISTIC Values at —40, +25, +85 Apply to E Package j 


DRAIN-TO- SOURCE VOLTAGE (V os )— V 

-13 -m -s 

AMBIENT TEMPERATURE <T A ) 

II 1 II l i t GATE-TO-SOURCE VOLTAGE (V G S>— 5V 



v O 

(V) 

V|N 

(V) 

V DD 

(V) 

-55 

-40 

+85 

+125 

Min. 

+25 

Typ. 

Max. 


- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

Quiescent 

Device 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

Current, 


0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

Iqd Max. 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

(Sink) Current 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

IqL Min. 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

O i itm i + U4 i n h 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

uuipui nign 
(Source) 

i 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

Current, 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

'OH lvlin - 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 



Fig. 6 — Typical output high (source) 
current characteristics. 

DRAIN -TO -SOURCE VOLTAGE (Vds)~ V 
-15 -10 -5 
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Fig. 7 — Minimum output high (source) 
current characteristics. 
















CD40105B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C; 
Input t r ,tf = 20 ns. Cl = 50 pF, Rl = 200 kH 

CHARACTERISTIC TEST CONDI TIONS 


Propagation Delay Time: 

Shift-Out or Reset to Data-Out 
Ready, t PHL 

Shift-In to Data-In Ready, tp|_j L 

3-State Control to Data Out 
tpZH' tpZL 


tPHZ' tPLZ 


Ripple-Through Delay Input to Output, 
tPLH 


Transition Time, tjHL' tjLH 


Maximum Shift-In or Shift-Out Rate, 

fi 

Minimum Shift-In Pulse Width, 

%H 

Minimum Shift-Out Pulse Width, 

%L 

Maximum Shift-In or Shift-Out Rise 
Time, t r 

Maximum Shift-In Fall Time, 


Maximum Shift-Out Fall Time, 


Minimum Data Setup Time, tgy 
Minimum Data Hold Time, t^ 

Data-In Ready Pulse Width, 

Data-Out Ready Pulse Width, t^/L 

Minimum Master Reset Pulse Width, 
*WH 

Input Capacitance Cj^ 


(Any Input) 


noNS i 

JMIT 

S 

V DD (V) Min. 

Typ. 

Max. 

5 

185 

370 

10 

90 

180 

15 

65 

130 

5 

160 

320 

10 

65 

130 

15 

45 

90 

5 

140 

280 

10 

60 

120 

15 

40 

80 

5 

100 

200 

10 

50 

100 

15 

40 

80 

5 

2 

4 

10 

1 

2 

15 

0.7 

1.4 

5 

100 
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10 
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100 
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40 
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5 1.5 
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10 3 
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10 

75 
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15 

60 
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5 

260 

520 

10 

100 

200 

15 

70 

140 
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v S s 

NOTE. 

TEST ANY COMBINATION 
OF INPUTS 


Fig. 12 — Input-voltage test circuit. 


Vss 


MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V 0D ANOV SS 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
v dd orv ss 


Fig. 13 — Input current test circuit. 



TERMINAL ASSIGNMENT 
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CD40105B Types 



# DATA VALID goes to high level in advance of the DATA OUT 
by a maximum of 50 ns at Vdd “ 5 V, 25 ns at Vqd “10 V, 
and 20 ns at Vqd “15 V for Cl = 50 pF and Ta » 25°C. 

Fig. 14 — Timing diagram for the CD40105B. 



Fig. 15 — Expansion , 8-bits-wide-by-16 N-bits long using CD40105. 





92CM- 29902 

Dimension and pad layout for CD40105B. 


The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0. 1 7 mm) larger in both dimensions. 

Dimensions, in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~3 inch). 
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CD40106B Types 


COS/MOS Hex 
Schmitt Triggers 

High-Voltage Types (20-Volt Rating) 


The RCA-CD40106B consists of six Schmitt- 
trigger circuits. Each circuit functions as an 
inverter with Schmitt-trigger action on the 
input. The trigger switches at different points 
for positive- and negative-going signals. The 
difference between the positive-going voltage 
(VP) and the negative-going voltage (V|\j) is 
defined ashysteresis voltage (Vn) (see Fig. 6). 
The CD40106B types are supplied in 14- 
lead hermetic dual-in-line ceramic packages 


Features: 

■ Schmitt-trigger action with no external components 

■ Hysteresis voltage (typ.) 0.9 V at Vdd = 5 V, 2.3 V at 
Vdd = 10 V, and 3.5 V at VpD = 15 V 

■ Noise immunity greater than 50% 

■ No limit on input rise and fall times 

■ Standardized, symmetrical output characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 pA at 18 V over full 
package-temperature range; 100 nA at 18 V and 25°C 

■ Low Vqd to Vss current during slow 
input ramp 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13 A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 
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FUNCTIONAL DIAGRAM 


(D and F suffixes), 14-lead dual-in-line plas- 
tic package (E suffix), 14-lead ceramic flat 
package: (K suffix), and in chip form (H 
suffix). 


Applications: 

■ Wave and pulse shapers 

■ High-noise-environment systems 

■ Monostable multivibrators 

■ Astable multivibrators 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgs Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 1 2 mW/°C to 200 mW 

For T a = -55 to +100°C (PACKAGE TYPES D,F, ) 500 mW 

For T a = +100 to +125°C (PACKAGE TYPES D, F, ) . . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, H -55to+125°C 

PACKAGE TYPE E . . -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges . 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (ForT A - 
Full Package-Temperature Range) 

3 

18 

V 




Fig. 1 - Logic diagram 

(1 of 6 Schmitt triggers). 



Fig.2 — Typical output low (sink) 
current characteristics. 


DYNAMIC ELECTRICAL CHARACTERISTICS 

AtT/\= 25°C, Input t r , tf = 20 ns, Cj_ = 50 pF, Rl_ = 200 kSl 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 


Vdd 

(V) 

TYP. 

MAX. 

Propagation Delay Time: 


5 

140 

280 


tPHL. 


10 

70 

140 

ns 

tPLH 


15 

60 

120 


Transition Time: 


5 

100 

200 


tTHL, 


10 

50 

100 

ns 

tTLH 


15 

40 

80 


Input Capacitance, C||\i 

Any Input 


5 

7.5 

pF 



Fig.3 — Minimum output low (sink) 
current characteristics. 
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CD40106B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55,+25,+125 Apply to D, F,H Packages 
Values at -40,+25,+85 Apply to E Packages 

UNITS 


v 0 

V|N 

VDD 





+25 



(V) 

(V) 

(V) 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 


Quiescent Device 
Current, IpD 

Max. 

- 

0,5 

5 

1 

1 

30 

30 

- 

0.02 

1 


- 

0,10 

TO 

2 

2 

60 

60 


0.02 

2 

pA 

- 

0,15 

15 

4 

4 

120 

120 

- 

0.02 

4 


- 

0,20 

20 

20 

20 

600 

600 

- 

0.04 

20 


Positive Trigger 

- 

- 

5 

2.2 

2.2 

2.2 

2.2 

2.2 

2.9 

- 


Threshold Voltage 

- 

- 

10 

4.6 

4.6 

4.6 

4.6 

4.6 

5.9 

- 


Vp Min. 

- 

- 

15 

6.8 

6.8 

6.8 

6.8 

6.8 

8.8 


v 


- 

- 

5 

3.6 

3.6 

3.6 

3.6 

- 

2.9 

3.6 


Vp Max. 

_ 

- 

10 

7.1 

7.1 

7.1 

7.1 

- 

5.9 

7.1 



- 

- 

15 

10.8 

10.8 

10.8 

10.8 

- 

8.8 

10.8 


Negative Trigger 

- 

- 

5 

0.9 

0.9 

0.9 

0.9 

0.9 

1.9 

- 


Threshold Voltage 
V|\j Min. 

- 

- 

10 

2.5 

2.5 

2.5 

2.5 

2.5 

3.9 

- 


- 

- 

15 

4 

4 

4 

4 

4 

5.8 

- 

y 


- 

- 

5 

2.8 

2.8 

2.8 

2.8 

- 

1.9 

2.8 


V[\] Max. 

- 

- 

10 

5.2 

5.2 

5.2 

5.2 

- 

3.9 

5.2 



- 

- 

15 

7.4 

7.4 

7.4 

7.4 

- 

5.8 

7.4 



- 

- 

5 

0.3 

0.3 

0.3 

0.3 

0.3 

0.9 

- 


Hysteresis Voltage 

- 

- 

10 

1.2 

1.2 

1.2 

1.2 

1.2 

2.3 

- 


Vf-| Min. 

- 

- 

15 

1.6 

1.6 

1.6 

1.6 

1.6 

3.5 

- 

v 


- 

- 

5 

1.6 

1.6 

1.6 

1.6 

- 

0.9 

1.6 


Vh Max. 

- 

- 

10 

3.4 

3.4 

3.4 

3.4 

- 

2.3 

3.4 



- 

- 

15 


5 

5 

5 

- 

3.5 

5 


Output Low (Sink) 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 


Current, 
lOL Min. 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 


1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 “ 

- 


Output High 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

mA 

(Source) 

Current, 
lOH Min. 

2.5 

0.5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 


9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 


13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 


Output Voltage 

- 

5 

5 

0.05 

- 

0 

0.05 


Low-Level, 

- 

10 

10 

0.05 

- 

0 

0.05 


Vql Max. 

- 

15 

15 

0.05 

- 

0 

0.05 

y 

Output Voltage 

- 

0 

5 

4.95 

4.95 

5 

- 


High Level, 

VOH Min. 

- 

0 

10 

9.95 

9.95 

10 

- 


- 

0 

15 

14.95 

14.95 

15 

- 


Input Current, 
l|N Max. 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10" 5 

±0.1 

pA 


DRAIN- TO- SOURCE VOLTAGE (V 0 s) — V 



Fig. 4 — Typical output high (source) 
current characteristics. 


DRAIN-TO- SOURCE VOLTAGE (Vos) -V 



Fig. 5 — Minimum output high ( source ) 
current characteristics. 
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Fig. 7 — Input and output characteristics. 



a) Definition of Vp, 1//V, l / H 



>H r 

V H ’ V P ~ V N 


i 


1 V IN 

'P 


N j^>° V ° 


b) Transfer characteristics of 1 of 6 gates 


Fig. 6 — Hysteresis definition, characteristics, and test set-up. 
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Fig. 8 — Typical current and voltage 
transfer characteristics. 
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CD40106B Types 



Fig.9 — Typical voltage transfer characteristics 
as a function of temperature. 


3 6 | AMBIENT TEMPERATURE I T A )*25*C 



INPUT FREQUENCY (f ) — kHi 


Fig. 12 - Typical power dissipation per trigger 
as a function of input frequency. 



RISE AND FALL TIME (*,,!,) — ns 


Fig. 15 — Typical power dissipation as a function 
of rise and fall times. 



Fig. 10 — Typical propagation delay time as a 
function of toad capacitance. 
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20 40 60 80 100 


LOAD CAPACITANCE (C L >— pF 9JCW452: 

Fig. 11 — Typical transition time as a function 
of load capacitance. 



Fig. 14 — Typical per cept hysteresis as a function 
Fig. 13 - Typical trigger threshold voltage as a of supp , y vo , tage 

function of supply voltage. 




Fig. 18 — Astab/e multivibrator. 


Fig. 19 — Quiescent device current test circuit. 


Fig.20 — Input current test circuit. 
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CD40106B Types 



92CS-29426 


Fig.21 — Dynamic power dissipation test circuit. TERMINAL ASSIGNMENT 



92CS-29409 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~3 inch). 


The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0. 1 7 mm) larger in both dimensions. 


Dimensions and Pad Layout for CD40106BH 


387 



CD40107B Types 


COS/MOS Dual 2-Input 
NAND Buffer/Driver 

High-Voltage Type (20-Volt Rating) 

The RCA-CD40107B is a dual 2-input NAND 
buffer/driver containing two independent 2- 
input NAND buffers with open-drain single 
n-channel transistor outputs. This device 
features a wired-OR capability and high 
output sink current capability (136 mA typ. 
at Vqd = 10 V,Vds= 1 V). The CD40107B 
is supplied in the 8-lead dual-in-line plastic 
(Mini-DIP) package (E suffix), 14-lead her- 
metic frit-seal ceramic package (F suffix), 
and in chip form (H suffix). 


Features: 

■ 32 times standard B-Series output current 
drive sinking capability — 136 mA typ. 
@V DD = 10V, V DS = 1 V 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 pA at 18 V 
overfull package-temperature range; 

100 nA at 18 V and 25°C 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Noise margin, full package temperature 

range, R|_ to Vpp =10 k£2: 

1 V at V DD = 5 V 

2 Vat V DD = 10 V 
2.5 Vat V DD = 15 V 

■ Meets all requirements of JEDEC Tentative 
Standard No.13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 




iOO-JSf 


92CS-29434RI 


FUNCTIONAL DIAGRAM 



TRUTH TABLE 


A 

B 

cl 

0 

0 

1* 

z# 

1 

0 

1* 

z # 

0 

1 

1* 

z # 

1 

JJ 

0 



* Requires external 
pull-up resistor 
( R l_) to Vdd- 
#Without pull-up 
resistor (3-state). 


Fig. 1 - Schematic diagram of CD40107B (one of 2 gates) 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V pD ) 

(Voltages referenced to V ss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P p ): 

For T a = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85 C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPE F) 7“ 500 mW 

For T A = +100 to +125°C (PACKAGE TYPE F) .... Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T a ) : 

PACKAGE TYPES F, H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T $t ) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max. +265°C 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (ForTA = 

Full Package-Temperature Range) 

3 

18 

V 


Applications 

■ Driving relays, lamps, LEDs 

■ Line driver 

■ Level shifter (up or down) 
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Fig.2 — Typical output low (sink) 
current characteristics. 



92CS-29445RI 

Fig. 3 — Minimum output low (sink) 
current characteristics. 
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CD40107B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Cl = 50 pF, Input t r ,tf = 20 ns 


CHARACTERISTIC 


Propagation Delay: 
High-to-Low, tp|_| 


Low-to-High, tp|_|_| 


TEST CONDITIONS 



R|_* = 12012 

Hi" 


5 

R|_* = 120 12 10 


100 1 200 
60 


' AMBIENT TEMPERATURE (T A ) ■ 25*ctt±fl 
| R L * 120 Q TO Vp D 


LOAD CAPACITANCE (Ci) — pF 


Transition Time: 
High-to-Low, t-fH L 

Low-to-High, t-p|_j_| 


RL* = 120 12 10 20 

15 icT 

5 50~ 

RL* = 120 12 10 35 

15 25 


Average Input Capacitance, C|(\| Any Input 

Average Output Capacitance, CouT Any Output 
* R|_ is external pull-up resistor to Vqd- 


Fig. 4 — Typical transition time as a function of 
load capacitance. 


AMBIENT TEMPERATURE (T A ) .25«cH 
R L *120 11 TO V DD H 




rrd a tPLH-’pw 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 


Current 

Iqd 

Output Low 
(Sink) Current 
Iql Min. 


Output High 
(Source) 
Current 
lOH Min. 

Input Low 
Voltage 
V|L Max.* 

Input High 
Voltage 
V|H Min.* 

Input Current 
1 1 (S| Max. 

Output Leakage 
Current 
lOZ Max. 


LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS Values at -55, +25, +125 Apply to F,H Packages 
Values at —40, +25, +85 Apply to E Package 


Vo 

V|N 

Q 

O 

> 


+25 1 

(V) 

(V) 

(V) 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

- 

0,5 

5 

1 

1 

30 

30 

- 

0.02 

1 

- 

0,10 

10 

2 

2 

60 

60 

- 

0.02 

2 

- 

0,15 

15 

4 

4 

120 

120 

- 

0.02 

4 

- 

0,20 

20 

20 

20 

600 

600 

- 

0.04 

20 

0.4 

0,5 

5 

21 

20 

14 

12 

16 

32 

- 

1 

0.5 

5 

44 

42 

30 

25 

34 

68 

- 

0.5 

0,10 

10 

49 

46 

32 

28 

37 

74 

- 

1 

0,10 

10 

89 

85 

60 

51 

68 

136 

- 

0.5 

0,15 

15 

66 

63 

44 

38 

50 

100 

- 


No Internal Pull-Up Device 


4.5 

- 

5 


1.5 

- 

- 

1.5 


9 

- 

10 


3 

- 

- 

3 


13.5 

- 

15 


4 

- 

- 

4 


0.5,4.5 

- 

5 


3.5 

3.5 

- 

- 

V 

1,9 

- 

10 


7 

7 

- 

- 


1.5,13.5 

- 

15 


11 

11 

- 

- 


- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10- 5 

±0.1 

JUA 

18 

0,18 

18 

2 

2 

20 

20 

_ 

IQ’ 4 

2 

juA 


O 10 20 30 40 50 60 70 BO 90 

LOAD CAPACITANCE <C L ) — pF 

92CS- 29436RI 

Fig. 5 - Typical propagation delay time as a 
function of load capacitance. 


! AMBIENT TEMPERATURE (T A )« 25*C j 




10 10 10 l( 

INPUT FREQUENCY (fj)- 


Fig.6 — Typical power dissipation as a 
function of input frequency. 



* Measured with external pull-up resistor, Rl = 10 k!2 to VpD- 


Fig. 7 — Power-dissipation test circuit 
for CD40107BE. 
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CD40107B Types 



L 49-57 J 

n (TT245-1.447) j 

NOTE ■ NUMBERS IN PADS FOR CD40I07BE 1 NUMBERS 92C9-294I0RI 

OUTSIDE CHIP FOR CD40I07BF. 


Dimensions and Pad Layout for CD40107BH. 

Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~3 inch). 


V DD 



Fig. 8 — Quiescent-device 

current test circuit. 


INPUTS 


V DD ^ — 

XZb - 

Vss 


T 

Vss 


NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V 0D AND V SS - 
CONNECT ALL UNUSED 
INPUTS TO EITHER 

v dd orv ss - 


92CS - 27402 


Fig. 9 — Input-current test 
circuit. 


The photographs and dimensions of each COS/M OS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage angles 
are 57° instead of 90° with respect to the face of 
the chip. Therefore, the isolated chip is actually 
7 mils (0. 17 mm) larger in both dimensions. 



92 CS-27239R2 

CD40107BE 



TERMINAL ASSIGNMENTS 



TEST ANY COMBINATION 
OF INPUTS 


92CS-294I I 


Fig. 10 — Input-voltage 
test circuit. 


Special Considerations for CD40107B 

1. Limiting Capacitive Currents for CL > 
500 pF, V DD >15 V. 

For VpD > 15 V, and load capacitance 
(Cl) from output to ground > 500 pF, 
an external 25 fi series limiting resistor 
should be inserted between the output 
terminal and Cl. No external resistor is 
necessary if Cl < 500 pF or VdD < 
15 V. 

2. Driving inductive Loads 

When using the CD40107B to drive in- 
ductive loads, the load should be shunted 
with a diode to prevent high voltages 
from developing across the CD40107B 
output. 
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CD40108B Types 


COS/MOS 4x4 Multiport 


Register 

High-Voltage Types (20-Volt Rating) 


The RCA-CD40108B is a 4 x 4 multiport 
register containing four 4-bit registers, write 
address decoder, two separate read address 
decoders, and two 3-state output buses. 

When the ENABLE input is low, the cor- 
responding output bus is switched, inde- 
pendently of the clock, to a high-impedance 
state. The high-impedance third state pro- 
vides the outputs with the capability of being 
connected to the bus lines in a bus-organized 
system without the need for interface or 
pull-up components. 

When the WRITE ENABLE input is high, 
all data input lines are latched on the positive 
transition of the CLOCK and the data is 
entered into the word selected by the write 
address lines. When WRITE ENABLE is low, 
the CLOCK is inhibited and no new data is 
entered. In either case, the contents of any 
word may be accessed via the read address 
lines independent of the state of the CLOCK 
input. 

The CD40108B types are supplied in 
hermetic 24-lead dual-in-line ceramic 
packages (D and F suffixes), 24-lead dual- 
in-line plastic packages (E suffix), 24-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 


Features: 

■ Four 4-bit registers 

■ One input and two output buses 

■ Unlimited expansion in bit and word 
directions 

■ Data lines have latched inputs 

■ 3-state outputs 

■ Separate control of each bus, allowing 
simultaneous independent reading of 
any of four registers on Bus A and 
Bus B and independent writing into 
any of the four registers 

■ CD40108B is pin-compatible with 
industry type MC14580 

■ Standardized, symmetrical output 
characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 pA at 18 V 
over full package-temperature range; 

100 nA at 18 V and 25°C 

■ Noise margin (overfull package- 
temperature range): 

1 Vat V DD = 5 V 

2 V at V DD = 10 V 
2.5 Vat V DD = 15 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC 
Tentative Standard No. 13A, "Standard 
Specifications for Description of 'B' 

Series CMOS Devices" 

Applications: 

D Scratch pad memories 

■ Arithmetic units 

■ Data storage 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V QD ) 

(Voltages referenced to Vgs Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V D D +0-5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For Ta = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 nr>W/°C to 200 mW 

For Ta = -55 to +100°C (PACKAGE TYPES D,F) 500 mW 

For Ta = +100, to +125°C (PACKAGE TYPES D, F) . . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 


OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D, F,H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 


STORAGE TEMPERATURE RANGE (T stg ) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch ( 1 .59 ± 0.79 mm) from case for 1 0 s max +265°C 




92CS - 29220 

Fig. 1 — Block diagram. 



DR AIN -TO -SOURCE VOLTAGE (Vds) — V 

Fig. 2— Typical output tow (sink) 
current characteristics. 


TRUTH TABLE 



1 HIGH LEVEL. 0 LOW LEVEL. X DON T CARE Z- HIGH IMPEDANCE 
SI and S2 refer 10 input st.ites of either 1 or 0 



Fig. 3— Minimum output low (sink) 
current characteristics. 
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CD40108B Types 


RECOMMENDED OPERATING CONDITIONS at T A =25°C, Except as Noted. 
For maximum reliability , nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

V DD 

(V) 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply Voltage Range 





(For = Full Package 

- 

3 

18 

V 

Temperature Range) 





Set-Up Time: 

5 

0 

- 


Data to Clock, t 5 (Q) 

10 

0 

- 

ns 


15 

0 

- 


Write Enable to Clock, 

5 

250 

- 


X S(\NE) 

10 

100 

- 

ns 


15 

70 



Write Address to Clock, 

5 

250 

- . 


t S(WA) 

10 

100 

- 

ns 


15 

70 

- 


Hold Time: 

5 

220 

- 


Data to Clock, t|_|(p) 

10 

100 

- 

ns 


15 

80 

- 


Write Enable to Clock, 

5 

270 

- 


t H(WE) 

10 

130 

- 

ns 


15 

80 

- 


Write Address to Clock, 

5 

330 

- 


tH(WA) 

10 

140 

- 

ns 


15 

90 



Clock Input Frequency, 

5 


1.5 


f CL 

10 

- 

3.5 

MHz 


15 

- 

4.5 


Clock Pulse Width, 

5 

350 

- 


CL or WE 

10 

130 

- 

ns 

X \N 

15 

90 

- 



5 

- 

15 


Clock Rise or Fall Time, 

10 

- 

5 

jUS 


DRAIN- TO -SOURCE VOLTAGE (V 0 s>-V 



Fig. 5— Typical output high ( source ) 
current characteristics. 



Fig. 6— Minimum output high (source) 
current characteristics. 



OUTPUT HIGH (SOURCE) CURRENT(Xqh)- 







CD40108B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C; Input t r ,t f = 20 ns, 
Cj_ = 50 pF, R l = 200 kft 


CHARACTERISTIC 

V DD 

(V) 

LIMITS 

UNITS 

Min. 

Typ. 

Max. 

Propagation Delay Time: 

5 

- 

360 

720 


t PHL- t PLH 

10 

- 

140 

280 

ns 

Clock or Write Enable to Q 

15 

- 

100 

200 


Read or Write Address to Q 

5 

- 

300 

600 



10 

- 

120 

240 

ns 


15 

- 

85 

170 


3-State Disable Delay Time: 

5 

- 

100 

200 



10 

- 

50 

100 

ns 

t PZH< t PHZ 

15 

- 

40 

80 


t PZL- t PLZ 

5 

- 

130 

260 



10 

- 

60 

120 

ns 


15 

- 

50 

100 


Output Transition Time: 

5 

- 

100 

200 


t THL' t TLH 

10 

- 

50 

100 

ns 


15 ■ 

- 

40 

80 


Minimum Setup Time: 

5 

- 

-95 

0 


Data to Clock tg(p) 

10 

- 

-35 

0 

ns 


15 

- 

-20 

0 - 



5 

- 

125 

250 


Write Enable to Clock t $(WE) 

10 

- 

50 

100 

ns 


15 

- 

35 

70 



5 

- 

125 

250 


Write Address to Clock t s(WA) 

10 

- 

50 

100 

ns 


15 

- 

35 

70 


Clock Rise and Fall Time: 

5 

- 

- 

15 


t r CL, t f CL 

10 

- 

- 

5 

lis 


15 

- 

- 

5 


Minimum Hold Time: 

5 

- 

110 

220 


Data to Clock t j_j ^ q ^ 

10 

- 

50 

100 

ns 


15 

- 

40 

80 



5 


135 

270 


Write Enable to Clock t |_j (we ) 

10 

_ 

65 

130 

ns 


15 


40 

80 



5 

_ 

165 

330 


Write Address to Clock t|_|(yy A ) 

10 

- 

70 

140 

ns 


15 

- 

45 

90 



5 

1.5 

3 

_ 


Maximum Clock Input Frequency, 

10 

3.5 

7 

_ 

MHz 

f CL 

15 

4.5 

9 

- 


Minimum Clock Pulse Width, 

5 

- 

175 

350 


Clock or Write Enable 

10 

- 

65 

130 

ns 

X \N{CL) 

15 

- 

45 

90 


Write Address 

5 

- 

150 

300 


%(WA; 

10 

- 

75 

150 

ns 


15 

- 

45 

90 


Average Input Capacitance, 



5 

7.5 

pF 

(Any Input) C| 








function of input frequency. 


i 


INPUTS 



T 


NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V DD ANO V ss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
V DD OR V s$ 


92CS- 27402 


Fig. 10— Input leakage current 
test circuit. 



Fig. 11— Quiescent-device-current 
test circuit. 



NOTE: 

TEST ANY COMBINATION 


92CS-2744IRI 


Fig. 12— Input-voltage test circuit. 
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CD40108B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 


Quiescent Device 
Current, 

Iqd Max- 


Output Low 
(Sink) Current 
Iql Min. 

Output High 
(Source) 
Current, 
lOH Min. 

Output Voltage: 
Low-Level, 

Vol Max. 

Output Voltage: 
High-Level, 
VoH Min. 

Input Low 
Voltage, 

Vil Max. 

Input High 
Voltage, 

V|H Min. 

Input Current 
1 1 n Max. 

3-State Output 
Leakage Current 
lOUT Max. 


LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITI ONS Values at -55, +25, +1 25 Apply to D, F,H Packages 
Values at —40, +25, +85 Apply to E Package 

\/~ I I \/rM% I +25 ~ 


v u 
( V ) 

v i rv 

( V ) 

*uu 

( V ) 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

34 

6.8 

- 

4.6 

0,5 

5 

- 0.64 

- 0.61 

- 0.42 

- 0.36 

- 0.51 

-1 

- 

2.5 

0,5 

5 

-2 

- 1.8 

- 1.3 

— 1 . 1 5 

- 1.6 

- 3.2 

- 

9.5 

0,10 

10 

- 1.6 

- 1.5 

- 1.1 

- 0.9 

- 1.3 

- 2.6 

- 

13.5 

0,15 

15 

- 4.2 

-4 

- 2.8 

- 2.4 

- 3.4 

- 6.8 

- 

- 

0,5 

5 

0.05 

- 

0 

0.05 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

0 . 5 , 4.5 

- 

5 

1.5 

— 

- 

1.5 


1, 9 

1.5,13.5 
0.5, 4.5 
1,9 

1.5,13.5 



21 j— 3- STATE B 
20 — 00 


- C LOCK 

- WRITE ENABLE 

- READ IA 

- READ OA 


TERMINAL ASSIGNMENT 



L 4-10 

™ (0- 102 -0-254) 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils ( 10~ ^ inch). 


The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage angles 
are 57° instead of 90° with respect to the face of 
the chip. Therefore, the isolated chip is actually 
7 mils (0.17 mm) larger in both dimensions. 


92CS-H942I 

Dimensions and Pad Layout for CD40108BH 
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CD40109B Types 


COS/MOS Quad Low-to-High 
Voltage Level Shifter Features: 


High-Voltage Types (20-Volt Rating) 

The RCA-CD40109B contains four low-to- 
high-voltage level-shifting circuits. Each cir- 
cuit will shift a low-voltage digital-logic 
input signal (A, B, C, D) with logical 1 = Vcc 
and logical 0 = V$s to a higher-voltage out- 
put signal (E, F, G, H) with logical 1 = Vdd 
and logical 0 = V$S- 

The RCA-CD40109, unlike other low-to- 
high level-shifting circuits, does not require 
the presence of the high-voltage supply 
|Vqd) before the application of either the 
low-voltage supply (Vcc) or the input sig- 
nals. There are no restrictions on the se- 
quence of application of Vdd» Vcc* or the 
input signals. In addition, there are no 
restrictions on the relative magnitudes of 
the supply voltages or input signals within 
the device maximum ratings; Vcc ma V 
exceed Vdd» ancl input signals may exceed 
Vcc ancl Vdd- When operated in the mode 
Vcc > VdD» the CD40109 will operate as 
a high-to-low level-shifter. 

The CD40109 also features individual three- 
state output capability. A low level on any 
of the separately enabled three-state output 
controls produces a high-impedance state in 
the corresponding output. 

The CD401 09B-Series types are supplied in 
16-lead ceramic dual-in-line packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Applications: 

■ High-or-low level -shifting with three-state 
outputs for unidirectional or bidirectional 
bussing 

■ Isolation of logic subsystems using separ- 
ate power supplies from supply sequenc- 
ing, supply loss and supply regulation 
considerations 

TRUTH TABLE 



FUNCTIONAL DIAGRAM 
(1 of 4 units) 


Features: 

■ Independence of power supply sequence 
considerations— Vqd can exceed Vqd» input 
signals can exceed both Vqq and Vqd 

■ Up and down level-shifting capability 

■ Three-state outputs with separate enable controls 

■ Standardized, symmetrical output characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 (iA at 18 V 
over full package-temperature range; 

100 nA at 18 V and 25°C 

■ Noise margin (full package-temperature 
range) 

= 1 V at Vcc = 5 V, Vdd = 10 v 
= 2 V at Vcc = 10 V, V DD = 15 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges: 



LIMITS 


CHARACT6HI5T 1C 

MIN. 

MAX. 


Supply-Voltage Range (ForT/\ = 

Full Package-Temperature Range) 

3 

18 

V 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE. (V CC , V DD ) 

(Voltages referenced to Vgs Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to +20 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D,F ) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D,F) . . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D. F, H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg > -65 to +150°C 

LEAD TEMPERATURE (DUR I NG SOLDERI NG): 

At distance 1/16 ± 1 /32 inch ( 1 .59 ± 0.79 mm) from case for 10s max +265°C 


INPUTS 

OUTPUTS 

A, B, C, D 

ENABLE 

A, B, C, D 

E, F, G, H 

0 

1 

0 

1 

1 

1 

X 

0 

z 


ENABLE A O 

2 ( 7 , 9 , 19 ) 



Low-to-high 0 1 

level shift 1 1 

X 0 ~ 

LOGIC 0 = LOW(Vss) X = DON'T CARE Z 
LOGIC 1 = V cc at INPUTS and V DD at OUTPUTS 


• HIGH IMPEDANCE 


Fig. 1 - CD40109B logic diagram (1 of 4 units). 
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CD40109B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 
Values at —55, +25, +1 25 Apply to D, F,H Packages 
Values at -40, +25, +85 Apply to E Package 

UNITS 

VO 

(V) 

V|N 

(V) 

VDD 

(V) 



+25 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, 

IqD Max. 

- 

0,5 

5 

1 

1 

30 

30 

- 

0.02 

1 

pA 

- 

0,10 

10 

2 

2 

60 

60 

- 

0.02 

2 

- 

0,15 

15 

4 

4 

120 

120 

- 

0.02 

4 

- 

0,20 

20 

20 

20 

600. 

600 

- 

0.04 

20 

Output Low 
(Sink) Current 
IqL Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

34 

6.8 

- 

Output High 
(Source) 

Current, 

IqH Min. 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

— 1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 


Output Voltage: 
Low-Level, 

Vql Max. 

- 

0,5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage: 
High-Level, 

VOH Min. 

- 

0,5 

5 

4.95 

4.95 

5 

- 


0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Current 
l|f\j Max. 


0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

o 

1 

cn 

±0.1 

pA 

3-State Output 
Leakage Current 
lOUT Max- 


0,18 

18 

±0.4 

±0.4 

±12 

±12 

- 

±10~ 4 

±0.4 

pA 


v 0 

(V) 

Vcc 

(V) 

VDD 

(V) 






Input Low 
Voltage, 

V|[_ Max. 

1,9 

5 

10 

1.5 

- 

- 

1.5 

V 

1.5, 13.5 

10 

15 

3 

— 

— 

3 

Input High 
Voltage, 

V|H Min. 

1,9 

5 

10 

3.5 

3.5 

— 

— 

1.5,13.5 

10 

15 

7 

7' 

- 

— 



Fig.2 — Typical output low (sink) 
current characteristics. 
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0 5 10 IS 

DR AIN- TO- SOURCE VOLTAGE (V D s) — V 

Fig. 3 — Minimum output low (sink) 
current characteristics. 


DRAIN- TO- SOURCE VOLTAGE (Vos)— V 

-B -10 -S 0 



92CS-24320R3 

Fig. 4— Typical output high (source). 


ORAIN-TO-SOURCE VOLTAGE (V D s)— V 



Fig. 5 — Minimum output high (source) 
current characteristics. 


TRANSITION TIME (lTHL' , TLH> -n * 

8 8 8 § 

Ajj|^jj T T 

^PERATL 


25 

sir 

ill 11 

Bum 


:::::::::: 

0. 


i 

S5i? :! 

m 

. 


0 20 40 60 80 100 


LOAD CAPACITANCE (C L >— pF 

9ZCS-24J22 

Fig. 6 — Typical transition time as a function 
of load capacitance. 


Fig.7 — Typical high-to-low propagation delay time 
as a function of load capacitance. 
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CD40109B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r , t f = 20 ns, 
C|_ = 50 pF, Rl = 200 kr2 


• AMBIENT TEMPERATURE (T* )■ 2S*C " 

WIIIttttttttil l l ll l l B ftflE 


CHARACTERISTIC 


Propagation Delay — Data Input 
to Output: 

High-to-Low Level, tp|_n_ 


Low-to-High Level, tpj_j_j 


3-State Disable Delay: 
Output High to High 
Impedance, tp^z 


Output Low to High 
Impedance, tpLZ 


High Impedance to 
Output High, tp^H 


High Impedance to 
Output Low, tp^L 


Transition Time, tjp||_, Xj\_h 


SHIFTING V C C V DD 
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jjjgOE 

HWisss 

jjjjjji 

::::::: 

iililii 
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IE 

Hill 
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Hill 




LOAD CAPACITANCE (Cl) - pF 

Fig. 8 — Typical low-to-high propagation delay time 
as a function of load capacitance. 



SUPPLY VOLTAGE (V DD )-V 

S2CS- 29450 

Fig. 9 — Typical input switching as a function of 
high-level supply voltage. 
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SUPPLY VOLTAGE (V cc )-V 

92CS-2 

Fig. 10 — High-level supply voltage vs. 
low-level supply voltage. 




CAPAC ITANCE (CU* 50pF | 


Fig. 11 — Typical dynamic power dissipation as a 
function of input frequency. 
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CD40109B Types 


TEST CIRCUITS 



Fig. 12 - Output enable delay times test circuit and waveforms. 



v cc v oo 



NOTE 

TEST ANY COMBINATION »1CS-1»*55 
OF INPUTS 

Fig. 14 — Input voltage. 



I2CJ-W4M 


Fig. 15 — inpu t curren t. Fig. 16 - Dynamic power dissipation test circuit. 



CD40109B 

TERMINAL ASSIGNMENT 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils ( 10r 3 inch). 


The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0.17 mm) larger in both dimensions. 



92CS- 2*424 


Dimensions and pad layout for CD40109BH. 
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CD40110B Types 

COS/MOS Decade Up- 
Down Counter/Decoder/ 
Latch/Driver 

High-Voltage Type (20-V Rating) 


Preliminary Data 


l?13M5lsnifl9l 


The RCA-CD40110B is a dual-clocked 
up/down counter with a special precondi- 
tioning circuit that allows the counter to 
be clocked, via positive going inputs, up 
or down regardless of that state or timing 
(within 100 ns typ.) of the other clock line. 

The clock signal is fed into the control 
logic and Johnson counter after it is 
preconditioned. The outputs of the 
Johnson counter (which include anti-lock 
gating to avoid being locked at an illegal 
state) are fed into a latch. This data can 
be fed directly to the decoder through the 
latch or can be strobed to hold a par- 
ticular count while the Johnson counter 
continues to be clocked. The decoder 
feeds a seven-segment bipolar output 
driver which can source up to 25 mA to 
drive LEDs and other displays such as 
low-voltage fluorescent and incandescent 
lamps. 

A short duration negative-going pulse ap- 
pears on the BORROW output when the 
count changes from 0 to 9 or the CARRY 
output when the count changes from 9 to 
0. At the other times the BORROW and 
CARRY output are a logic 1. 

The CARRY and BORROW outputs can be 
tied directly to the clock-up and clock- 
down lines respectively of another 
CD40110B for easy cascading of several 
counters. 

The CD40110B types are supplied in 
16-lead dual-in-line ceramic packages (D 
and F suffixes), and 16-lead dual-in-line 
plastic package (E suffix). 


Applications: 

■ Rate comparators 

■ General counting .applications 

where display is desired 

■ Up/down counting applications 

where input pulses are random 
in nature 


CLK ON 

7 

RESET 

_ 5 _ 

TOGGLE 

ENABLE 


LATCH 

ENABLE 

-11 


Features: ° D 

^SS *8 

B Separate clock-up and clock-down lines functional diagram 

B Capable of driving common cathode LEDs and 

other displays directly 9 ?cs 3 37 

fl Allows cascading without any external circuitry 

B 100% tested for quiescent current at 20 V 
B Maximum input current of 1 at 
18 V over full package-tempera- 
ture range; 100 nA at 18 V and 25 °C 
B Noise margin (full package- 
temperature range) = 

1 V at Vqd = 5 V 

2 V at Vdd = 10 V 
2.5 Vat Vqd = 15 V 

B 5-V, 10-V and 15-V parametric 
ratings 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vss Terminal) -0.5 to + 20V 

INPUT VOLTAGE RANGE, ALL INPUTS - 0.5 to Vqd + 0.5V 

DC INPUT CURRENT, ANY ONE INPUT ± 10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T a = -40 to + 60 °C (PACKAGE TYPE E) 500 mW 

For T A = +60 to + 85 °C 

(PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T A = -55 to + 100°C (PACKAGE TYPES D.F) 500mW 

For T a = +100 to +125°C 

(PACKAGETYPES D,F) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE 

(All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGETYPES D,F,H -55to +125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 

from case for 10 s max +265°C 


RECOMMENDED OPERATING CONDITIONS at T A = 25° C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 


CHARACTERISTIC 

V DD 

LIMITS 

ALL TYPES 

UNITS 


(V) 

MIN. 

MAX. 


Supply-Voltage Range 
(For T^ = Full Package 

Temperature Range) 


3 

18 

V 
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CD40110B Types 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) 

B 




IBl 

Values at —55, +25, +125 for D,F,H Packages 
Values at —40, +25, +85 for E Packages 

-55 

-40 

+85 

+125 




Min. 

a 


Quescent Device 

Current: 

1 DD Max. 

- 

- 

_ 

■a 

5 

5 

150 

150 

_ 

mm 

m 


- 

_ 

_ 

na 

10 

10 

300 

300 

_ 

0.04 

10 

- 

- 

- 

na 

20 

20 

600 

600 

- 

EEEI 


- 

- 

- 


100 

100 

3000 

3000 

_ 



Output Voltage: 

Low-Level 

Vql Max. 

- 

- 

Bla 

m 

0.05 

- 

0 

rm 


- 

- 


m 

0.05 

_ 

0 


- 

- 


aa 

0.05 

- 

0 


High-Level 

Vqh Min. 

- 

- 

EH 

5 

- 

- 

- 

- 

- 


- 

i 

- 

- 

B1BI 

B3 

- 

- 

- 

- 

- 


~ 

- 

- 

SS0 

m 

- 

- 

- 


- 

14.55 

- 

Input Low 
Voltage, 

V, L Max. 

- 


- 

5 

1.5 

- 

- 

■B 


- 


- 

na 

3 

- 

- 

m 

- 


- 

m 

4 

- 

- 

4 

Input High 
Voltage, 

V | |_j Min. 

- 


- 

u 

3.5 

Q| 

- 

- 

■ 

- 


- 

mtt 

7 

■E 

- 

- 

- 


- 

m 

11 

11 

- 

- 

Output Drive 
Voltage 

Vqh Min. 

0 

- 

- 

5 

- 


- 

- 

- 


- 

V 

10 

- 

- 

5 

- 

- 

- 

- 

- 


B 

25 

- 

- 

■a 


- 

- 

- 

- 



0 

- 

- 

mm 


_ 

_ 

- 

_ 


B 

10 

- 

_ 

■El 

- 

- 

- 

- 

- 



25 

- 

- 

■El 

H 

- 


- 

- 

liiltM 

iBB 

0 

- 

-- 

m 


- 

- 

- 

- 


B 

10 


- 

■a 

B 

- 

- 

- 

- 



25 

- 

- 

mm 

Bi 

- 

- 

- 

- 

13.9 

- 

Output Low 
(Sink) Current, 
IqL Min. 

- 

0.4 


D 


BTfl 


Qj 

IflHl 

1 

- 


- 

0.5 

IEHE1 

na 

IQ 

IB 

an 

!BE1 

IQ 

■ 


- 

1.5 


15 

m 

4 

m 

m 

m 


- 

Input Current, 

1 IN Max - 

- 

0,18 

0,18 

18 

±0.1 


B 

±i 

- 

±10~ 5 

±0.1 




92CS-29200RI 


Fig. 1— Functional diagram. 
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CD40110B Types 



Fig. 2 — Logic diagram with flip-flop and output-driver details, 
(cont'd next page). 
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CD40110B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r . t f = 20 ns, 
C L = 50 pF, R L = 200 k£2 


CHARACTERISTIC 

Test 

Conditions 

LIMITS 

All Packages 

UNITS 

V DD 

Volts 

Typ. 

Clock Up/Clock Down 


5 

85 


Minimum Pulse Width 

10 

35 

ns 


15 

15 



5 

2.5 


Maximum Frequency 

10 

5 

MHz 


15 

8 



5 

225 


Minimum CARRY Pulse Width 

10 

100 



15 

70 

ns 


5 

260 


Minimum BORROW Pulse Width 

10 

110 



15 

80 


Reset 

Propagation Delay Time Reset to Clock 

5 

10 

750 

285 


tpHL' t PLH 

15 

200 



5 

300 


Delay from Reset to first allowable Clock 

10 

125 

ns 


15 

75 



5 

150 


Minimum Pulse Width 

10 

60 



15 

40 



TRUTH TABLE 


CLOCK 

UP* 

CLOCK 

DOWN* 

LATCH 

ENABLE 

TOGGLE 

ENABLE 

RESET 

COUNTER 

DISPLAY 

/ 

X 

0 

0 

0 

Increments 
by 1 

Follows 

Counter 

X 


0 

0 

0 

Decrements 
by 1 

Follows 

Counter 


~Y_ 

X 

X 

0 

No Change 

No Change 

X 

X 

X 

X 

1 

Goes to 
00000 

Follows 

Counter 
(Display = ,'J) 

X 

- 

X 

X 

1 

0 

Inhibited 

Remains Fixed 


X 

1 

0 

0 

Increments 
by 1 

Remains Fixed 

X 


1 

0 

0 

Decrements 
by 1 

Remains Fixed 


X = Don't care 1 = High State 0 = Low State 

* Typically 100 ns between clock-up and clock-down positive transitions are 
required to ensure proper counting. 
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CD40147B Types 


10-Line to 4-Line 
BCD Priority Encoder 

High-Voltage Types (20-Volt Rating) 

The RCA-CD40147B COS/MOS encoder fea- 
tures priority encoding of the inputs to ensure 
that only the highest-order data line is en- 
coded. Ten data input lines (0-9) are en- 
coded to four-line (8, 4,2,1) BCD. The highest 
priority line is line 9. All four output lines are 
logic 1 (Vgs) when all input lines are logic 0. 
All inputs and outputs are buffered, and each 
output can drive one TTL low-power Schottky 
load. The CD40147B is functionally similar to 
the TTL 54/74147 if pin 15 is tied low. 

The CD40147B types are supplied in 16- j 
lead ceramic dual-in-line packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
ages (E suffix), 16-lead ceramic flat pack- 
ages (K suffix), and in chip form (H suffix). 

I” FUNCTIONAL GATING 


2*® [>-pP— ^ 2 I 5- 

5 *© l>-pl>- 5 j 

6*® [>— [H> — L 6 | \ 

**< 5 > — [>x^ry l 


■ Encodes 10-line to 4-line BCD 

■ Active low inputs and outputs 

■ Standardized, symmetrical output characteristics 

■ 100% tested for quiescent current at 20 V 

■ 5-V, 10-V, and 15-V parametric ratings s-H i — d 2 3 

■ Meets all requirements of JEDEC Tentative Standard j TelecV == C > encoder Zb 2' 

No. 13A, "Standard Specifications for Description of 'B' 0 j_ _ J— a 2 0 

Series CMOS Devices" 

■ Maximum input current of 1 /jA at 18 V over full a 

package-temperature range; 100 nA at 18 V and 25°C 

■ Noise margin (full package-temperature 

range) = 1 V at Vpp = 5 V 

2 V at V DD = 10 V 

2.5 V at V DD = 15 V FUNCTIONAL DIAGRAM 

Applications: — 

■ Keyboard encoding 

■ 10-line to BCD encoding 

■ Range selection 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following range: 





CHARACTERISTIC 

LIMITS 

Min. | Max. 

UNITS 

Supply Voltage Range (For T^ = Full Package 
Temperature Range) 

3 

18 

V 


TRUTH TABLE (Negative Logic) 


* INPUTS PROTECTED BY 

COS/MOS PROTECTION NETWORK 



Fig. 1 - CD40147B logic diagram. 


High Level 


1 = Low Level 



Fig. 2 — Typical output low (sink) current Fig. 3 — Minimum output low (sink) current 

characteristics. characteristics. 



Fig. 4 - Typical output high (source) current 
characteristics. 
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CD40147B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, <V DD ) 

(Voltages referenced to Vgg Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS 

DC INPUT CURRENT, ANY ONE INPUT 

POWER DISSIPATION PER PACKAGE (Pp): 

For T a = -40 to +60°C (PACKAGE TYPE E) 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Lmea 

For T a = -55 to +100°C (PACKAGE TYPES D, F) 

For T A = +100 to +125°C (PACKAGE TYPES D. F) . Derate Lmeai 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 
OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D, F, H 

PACKAGE TYPE E 

STORAGE TEMPERATURE RANGE (T $t ) 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max 


DRAIN -TO -SOURCE VOLTAGE (Vos>— V 


. 0.5 to +20 V 

0.5 to V DD +0.5 V 

. . ±10 mA 

. . 500 mW 

Derate Linearly at 12 mW/°C to 200 mW 

500 mW 

Derate Linearly at 12 mW/°C to 200 mW 


55 to + 1 25 C 
-40 to +85°C 
65 to +150°C 


(AMBIENT TEMPERATURE (T A ) 


P GATE -TO - SOUR 



Fig. 5 — Minimum output high (source) current 
characteristics. 


AMBIENT TEMPERATURE (T A )-25»C 


STATIC ELECTRICAL CHARACTERISTICS 


CONDITIONS Values at -55, +25, +1 25 Apply to D, F, H Packages 


CHARAC- 

TERISTIC 






















CD40147B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r , t f = 20 ns, 
C L = 50pF, R L = 200 k£2 


CHARACTERISTIC 

TEST CONDITIONS 


LIMITS 

ALL TYPES 

UNITS 


V DD 

(V) 

Typ. 

Max. 

Propagation Delay Time, 


5 

450 

900 


tPLH'tPHL 


10 

200 

400 

ns 

In-Phase Output 







Any input to any 

15 

150 

300 



output 

5 

425 

850 


Out-of-Phase Output 


10 

175 

350 

ns 



15 

125 

250 




5 

100 

200 


Transition Time, tj|_jL» tTLH 


10 

50 

100 

ns 



15 

40 

80 


Input Capacitance, 

Any Input 

5 

7.5 

PF 



Fig. 9 — Dynamic power dissipation 
test circuit. 


V DD 



Fig. 10 — Quiescent device 
current test circuit. 


v DO 



MD- 

Vss 


T 

Vss 


NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V DD ANDV SS 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
V DD OR V ss 


92CS-2744IRI 


92CS- 27402 


Fig. 11 — Input voltage test circuit. 


Fig. 12 — Input current test circuit. 



6 7- 75 

( 1.702 -1. 905) 


92CM-30958 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~3 inch). 

The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0. 1 7 mm) larger in both dimensions. 


~ V DD 
— 0 

— D 

— 3 

— 2 

— 9 


TOP VIEW 

92CS- 30957 

CD40147B 

TERMINAL 

ASSIGNMENT 



Dimensions and pad layout for CD40147BH 
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CD40160B, CD40161B, CD40162B, CD40163B Types 


COS/MOS Synchronous 
Programmable 4-Bit 
Counters 


High-Voltage Types (20-Volt Rating) 

CD40160B — Decade with Asynchronous 
Clear 

CD40161B — Binary with Asynchronous 
Clear 

CD40162B — Decade with Synchronous 
Clear 

CD40163B — Binary with Synchronous 
Clear 

RCA-CD40160B, CD40161B, CD40162B, 
and CD40163B are 4-bit synchronous pro- 
grammable counters. The CLEAR function 
of theCD40162B and CD4 0163B i s synchro- 
nous and a low level at the CLEAR input sets 
all four outputs low on the next positive 
CLOCK edge. The CLEAR function of the 
CD40160B and CD40 161B is asynchronous 
and a low level at the CLEAR input sets all 
four outputs low re gardless of the state of 
the CLOCK, LO AD, or ENABLE inputs. A 
low level at the LOAD input disables the 
counter and causes the output to agree with 
the setup data after the next CLOCK pulse 
regardless of the conditions of the ENABLE 
inputs. 

The carry look-ahead circuitry provides for 
cascading counters for n-bit synchronous 
applications without additional gating. Instru- 
mental in accomplishing this function are 
two count-enable inputs and a carry output 
(Cqut)- Counting is enabled when both PE 
and TE inputs are high. The TE input is fed 
forward to enable Cgy-p This enabled out- 
put produces a positive output pulse with a 


Features: 

■ Internal look-ahead for fast counting 

■ Carry output for cascading 

■ Synchronously programmable 

■ Clear asynchronous input 

(CD40160B, CD40161B) 

■ Clear synchronous input 

(CD40162B, CD40163B) 

■ Synchronous load control input 

■ Low-power TTL compatibility 

■ Standardized, symmetrical output 

characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 /xA at 18 V 
over full package-temperature range; 

100 nA at 18 V and 25°C 

■ Noise margin (over full package-tempera - 
ature range): 1 V at Vpp = 5 V 

2 V at V DD = 1 0 V 2.5 V at V DD = 15 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC 
Tentative Standard No. 13A, "Standard 
Specifications for Description of 'B' Series 
CMOS Devices" 

duration approximately equal to the positive 
portion of the Q1 output. This positive 
overflow carry pulse can be used to enable 
successive cascaded stages. Logic transitions 
at the PE or TE inputs may occur when the 
clock is either high or low. 

The CD401 60B, CD401 61 B, CD401 62 B, and 
CD40163B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

The CD40160B through CD40163B types 
are functionally equivalent to and pin-com- 
patible with the TTL counter series 74160 
through 74163 respectively. 


V 0D *I6 

v ss* 8 

92CS-2862BRI 

Functional Diagram 


Applications: 

■ Programmable binary and decade counting 

■ Counter control/timers 

■ Frequency dividing 



Fig. 1— Typical output low (sink) 
current characteristics. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vpp) 

(Voltages referenced to Vgg Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D >: 

For j a = _40 to +60 C (PACKAGE TYPE E) 6 500 mW 

For T a = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/ C to 200 mW 

For T a = -55 to +100°C (PACKAGE TYPES D. F) q . 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D, F) . . . Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ) ; 

PACKAGE TYPES D, F, H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65 to +150 C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 



Fig. 2— Minimum output low (sink) 
current characteristics. 
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CD40160B, CD40161B,CD40162B, CD40163B Types 


C040I60B AND CD40I62B BCD DECADE COUNTERS 



Fig. 3— Logic diagrams for CD40160B and CD40162B BCD decade counters. 
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CD40160B, CD40161B, CD40162B, CD40163B Types 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted 
For maximum reliability , nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

V DD 

LIMITS 

UNITS 


(V) 

MIN. 

MAX. 


Supply Voltage Range (Full = Full Package- 





Temperature Range) 

- 

3 

18 

V 

Setup Time: tgy 

5 

240 

- 


Data to Clock 

10 

90 

- 

ns 


15 

60 

“ 



5 

240 


warn 

Load to Clock 

10 

90 

- 

ns 


15 

60 




5 




PE or TE to Clock 

10 


- 

ns 


15 


- 


Clear to Clock 

5 


- 


(CD40162B, CD40163B) 

10 

15 



ns 


5 

0 

— 


All Hold Times, t^ 

10 

0 

- 

ns 

15 

0 

- 


Clear Removal Time, t rem 
(CD40160B, CD40161B) 

5 

10 

15 

200 

100 

70 

- 

ns 

Clear Pulse Width, %[_ 

(CD40160B, CD40161 B) 

5 

10 

15 

170 

70 

50 

H 

n 


5 

- 

2 


Clock Input Frequency, fQ[_ 

10 

- 

5.5 

MHz 

15 

- 

8 



5 

B| 

■ 


Clock Pulse Width, tyy 

10 

n 

■ 


15 

1 ■ 




5 

_ 



Clock Rise or Fall Time, t r CL or tfCL 

10 

- 

70 

JUS 

15 

- 

15 



TRUTH TABLE 


CLOCK 

CLR 

LOAD 

PE 

TE 

OPERATION 

V 

1 

0 

X 

X 

PRESET 

y 

1 

■■ 

0 

D 

NC 

y 

1 

55 

X 

0 

NC 

y 

1 

1 

1 

1 

COUNT 

X 

0 

X 

X 

X 

RESET (CD40160B, CD40161B) 

y 

0 

X 

X 

X 

RESET (CD40162B, CD40163B) 


1 

X 

X 

X 

NC (CD40162B, CD40163B) 


1= HIGH LEVEL 0= LOW LEVEL X = DON'T CARE NC = NO CHANGE 


DRAIN -TO- SOURCE VOLTAGE (V 0S >-V 
M5 -10 -5 0 






E 

N 

T 

TEMPERATURE (T A )«25»Cj-j-| 1 1-|-| | f |-|f-j 



■ 
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Fig. 5— Typical output high ( source ) 
current characteristics. 
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Fig. 6— Minimum output high (source) 

current characteristics. 



Fig. 7— Typical propagation delay time as a 
function of load capacitance 
(CLOCK to Q). 
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CD40160B, CD40161B, CD40162B, CD40163B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 

Values at —55, +25, +125 Apply to D,F,H Packages 
Values at —40, +25, +85 Apply to E Package 

IT 

N 

1 

T 

S 

V 0 

(V) 

V|N 

(V) 

V DD 

(V) 

-55 

-40 

+85 

+125 

+25 

Min. 

Typ. 

Max. 

Quiescent 

Device 

Current, 

• dd Max - 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

M A 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 
(Sink) Current 
IqL Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

Output High 
(Source) 
Current, 

>OH Min - 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage: 
Low-Level, 
Vql Max. 

- 

0,5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output 

Voltage: 
High-Level, 
Vqh Min. 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage 

V||_ Max. 

0.5,4. 5 

- 

5 

1.5 

- 

- 

1-5 

V 

1,9 

- 

10 

3 

- 

- 

3 

1.5,13.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V|h Min. 

0.5, 4.5 

- 

5 

3.5 

3.5 

- 

- 

1,9 

- 

10 

7 

7 

JM\ 

- 

1.5,13.5 

- 

15 

11 

11 

- 

- 

Input Current 
l| N Max. 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10 — 5 

±0.1 

aA 



92CS-29967 

Fig. 9— Typical power dissipation as a 
function of CLOCK frequency. 


VDD 



Fig. 10— Dynamic power dissipation test 
circuit. 



Fig. 11— Quiescent-device-current test circuit. 



92CS - 27402 



TERMINAL ASSIGNMENT 



CARRY OUT 

t— O' 


Fig. 12— Input-current test circuit. 


92CS-2T44IRI 

Fig. 13— Input-voltage test circuit. 


92CS- 29459 
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CD40160B, CD40161B, CD40162B, CD40163B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C; 
Input t r , tf = 20 ns, C|_ = 50 pF, Rj_ = 200 k£2 



TEST 


LIMITS 

1 


CHARACTERISTIC 

CONDITIONS 

ALL TYPES* j 

UNITS 


V DD (V) 

Min. | 

Typ. 

Max. | 


CLOCK OPERATION I 

Propagation Delay Time, tpj_j L'tpLH 
Clock to Q 

5 

10 


200 

80 

400 

160 

ns 

15 

— 

60 

120 



5 

_ 

225 

450 


Clock to Cquj 

10 

- 

95 

190 

ns 

15 

- 

70 

140 



5 

_ 

125 

250 


TE to C 0UT 

10 

- 

55 

110 

ns 


15 

- 

40 

80 


Minimum Setup Time, tgy 

Data to Clock 

5 

10 

- 

120 

45 

240 

90 

ns 

15 

- 

30 

60 



5 

_ 

120 

240 


Load to Clock 

10 

- 

45 

90 

ns 


15 

- 

30 

60 



5 

- 

170 

340 


PE to TE to Clock 

10 

- 

70 

140 

ns 


15 

- 

50 

100 



5 

— 

_ 

0 


Minimum Hold Time, ty 

10 

- 

- 

0 

ns 

15 

- 

- 

0 



5 

- 

100 

200 


Transition Time, tTHL^TLH 

10 

- 

50 

100 

ns 


15 

- 

40 

80 



5 

- 

85 

170 


Minimum Clock Pulse Width, tyy 

10 

_ 

35 

70 

ns 

15 

- 

25 

50 



5 

2 

3 



Maximum Clock Frequency, fQy 

10 

5.5 

8.5 

- 

MHz 

15 

8 

12 

- 



5 

200 

- 

_ 


Maximum Clock Rise or Fall Time,* 

10 

70 

- 

- 

Ms 

x r CL > tfCL 

15 

15 

- 

- 


CLEAR OPERATION j 

Propagation Delay Time, tpHL 

5 

- 

250 

500 


(CD40160B, CD40161B) 

10 

- 

110 

220 

ns 

Clear to Q 

15 


80 

ISO 


Minimum Setup Time, tgy 

5 


170 

340 


(CD40162B, CD40163B) 

10 

— 

70 

140 

ns 

Clear to Clock 

15 

- 

50 

100 


Minimum Hold Time, tj_| 

5 

_ 

_ 

0 


(CD40162B, CD40163B) 

10 

- 

- 

0 

ns 

Clear to Clock 

15 

- 

- 

0 


Minimum Clear Removal Time, t rem 
(CD40160B, CD40161B) 

5 

10 

15 

- 

100 

50 

35 

200 

100 

70 

ns 


5 


85 

170 


Minimum Clear Pulse Width, tyj[_ 
(CD40160B, CD40161B) 

10 

15 

- 

35 

25 

70 

50 

ns 


* Except as noted. 

t If more than one unit is cascaded in the parallel clocked application, t CL should be made less than or equal 
to the sum of the fixed propagation delay at 50 pF and the transition time of the carry output driving stage 
for the estimated capacitive load. 
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CD40160B, CD40161B, CD40162B, CD40163B Types 



Fig. 14 — Timing diagram for CD40160B, CD40162B. 




92CL-29229RI 

Fig. 15— Timing diagram for CD40161B, CD40163B. 
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CD40160B, CD40161B, CD40162B, CD40163B Types 



O 10 20 30 40 50 60 70 80 90 1 00 109 



Fig. 16— Detail of flip-flops of CD40160B and CD40161B (asynchronous clear). 

|t n j’CLR \~ D l CL 


Dimensions and pad layout for CD40160BH. Dimensions and pad layout 
for CD40161 BH, CD40J62BH, and CD40163BH are identical. 

Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~3 inch). 

The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 

When the wafer is cut into chips, the cleavage 
angles are 57 instead of 90° with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0. 17mm) larger in both dimensions. 


92CM- 29227 


Fig. 17— Detail of flip-flops for CD40162B and CD40163B (synchronous clear). 
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Fig. 18 — Cascaded counter packages in the parallel-clocked mode. 
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Fig. 19 — Cascaded counter packages in the ripple-clocked mode. 
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CD40174B Types 


COS/MOS Hex ‘D’-Type 
Flip-Flop 

High-Voltage Types (20-Volt Rating) 

The RCA-CD40174B consists of six identical 
'D'-type flip-flops having i ndepen dent DATA 
inputs. The CLOCK and CLEAR inputs are 
common to all six units. Data is transferred 
to the Q outputs on the positive-going 
transition of the clock pulse. All six flip-flops 
are simultan eously reset by a low level on 
the CLEAR input. 

The CD40174B types are supplied in 16- 
lead hermetic dual-in-line ceramic packages 
(D and F suffixes), 16-lead dual-in-line 
plastic packages (E suffix), 16-lead ceramic 
flat packages (K suffix), and in chipform (H 
suffix). 


Features: 

■ 5-V, 10-V, and 15-V parametric rating 

■ Standardized symmetrical output 
characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 juA at 18 V 

over full package-temperature range; 

100 nA at 18Vand25°C 

■ Noise margin (over full package-temperature 

range):! 1 V at V DD - 5 V 
2 Vat V DD = 10 V 
2.5 Vat V DD = 15 V 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 



Applications: 

■ Shift Registers 

■ Buffer/Storage Registers 

■ Pattern Generators 


TRUTH TABLE FOR 1 OF 6 FLIP-FLOPS 


1 INPUTS i 

OUTPUT 

CLOCK 

DATA 

CLEAR 

Q 


0 

1 

0 


1 

1 

1 



X 

1 

NC 

X 

X 

0 

0 


1 = High Level X = Don't Care 

0 = Low Level NC = No Change 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to V SS Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T a = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) ..... Derate Linearly at 12 mW/°C to 200 mW 

For T a = -55 to +100°C (PACKAGE TYPES D, F) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D, F) . . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D, F, H -55 to +1 25°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T $t ) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265°C 



Fig. 1 — Logic diagram (1 of 6 flip-flops). 



Fig. 2— Typical transition time as a function 
of load capacitance. 
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CD40174B Types 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. 

For maximum reliability, nominal operating conditions should be selected so that operation is 
always within the following ranges: 


CHARACTERISTIC 

V DD 

(V) 

LIMITS 

UNITS 


Min. 

Max. 


Supply-Voltage Range (For T A = Full Package- 





Temperature Range) 

- 

3 

18 

V 


5 

40 

- 


Data Setup Time, tgy 

ia 

20 

- 

ns 


15 

10 

- 



5 

80 

- 


Data Hold Time, t|_j 

10 

40 

- 

ns 


15 

30 

- 



5 

- 

3.5 


Clock Input Frequency, fQ|_ 

10 

dc 

6 

MHz 


15 


8 



5 

- 

15 


Clock Input Rise or Fall Time, t r CL, tfCL 

10 

- 

15 

fJLS 


15 

- 

15 



5 

130 

- 


Clock Input Pulse Width, tyyi_, twH 

10 

60 

- 

ns 


15 

40 

- 



5 

100 

- 


Clear Pulse Width, 

10 

50 

- 

ns 


15 

40 

- 



5 

0 

- 


Clear Removal Time, tp^M 

10 

0 

- 

ns 


15 

o 

- 



82 
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92CS-29835 



Dimensions and pad layout for CD40174BH. 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils ( 10~ ^ inch). 


The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0. 17 mm) larger in both dimensions. 



Fig. 3— Typical output low (sink) current 
characteristics. 



92CS-243I9RI 

Fig. 4— Minimum output low (sink) current 
characteristics. 
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Fig. 5— Typical output high (source) current 
characteristics. 
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Fig. 6— Minimum output high (source) current 
characteristics. 
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CD40174B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, H Packages 
Values at -40, +25, +85 Apply to E Package 

U 

N 

1 

T 

S 

V 0 

(V) 

V|N 

(V) 

V DD 

(V) 

-55 

-40 

+85 

+125 

+25 

Min. 

Typ. 

Max. 

Quiescent 

Device 

Current, Iqq 
M ax. 

- 

0,5 

5 

1 

1 

30 

30 

- 

0.02 

1 

/iA 

- 

0,10 

10 

2 

2 

60 

60 

- 

0.02 

2 

- 

0,15 

15 

4 

4 

120 

120 

- 

0.02 

4 

- 

0,20 

20 

20 

20 

600 

600 

- 

0.04 

20 

Output Low 
(Sink) 

Current 

1 o L M' n - 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

_ 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

Output High 
(Source) 
Current, 

•oh Min - 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 


13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 


Output Voltage: 
Low-Level, 

Vq|_ Max. 

- 

0,5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 


0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage: 
High-Level, 
Vqh Min. 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage, 

V 1 1 _ Max. 

0. 5,4.5 

- 

5 

1.5 

- 

- 

1.5 

V 

1,9 

- 

10 

3 

- 

- 

3 

1.5,13.5 


15 

4 

“ 

- 

4 

Input High 
Voltage, 

V|h Min. 

0.5, 4.5 


5 

3.5 

3.5 

- 

- 

1,9 

- 

10 

7 

7 

- 

- 

1.5,13.5 


15 

11 

11 

- 

- 

Input Current 
l iN Max. 

- 

0.18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10“ 5 

±0.1 

HA 



Fig. 10— Definition of setup, hold, propagation delay, 
and removal times. 



Fig. 7— Typical dynamic power dissipation as a 
function of CLOCK frequency. 



92CS-29833 

Fig. 8— Typical propagation delay time (CLOCK 
to OUTPUT} as a function of load 
capacitance. 


V DD 
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92CS-29834 


Fig. 9— Dynamic power dissipation test circuit. 



Fig. ii — Quiescent device current test circuit. 
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CD40174B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25 C; 
Input t r , t f = 20 ns, C L = 50 pF, R|_V 200 k£2 


CHARACTERISTIC 


Propagation Delay Time 

Clock to Output, tpH |_, tpLH 


Clear to Output, t pHL 


Transition Time, tjHL' l TLH 


Minimum Pulse Width, 

Clock, *WL' *WH 


Minimum Data Setup Time, tgy 


Minimum Data Hold Time, tj_| 


Maximum Clock Frequency, f 


Maximum Clock Rise or Fall 
Time, t r CL, tfCL 

Input Capacitance, C||\j 
Clear 


Minimum Clear Removal 
Time, t REM 


TEST 

CONDITIONS 
V DD (V) 


LIMITS 

Min. 

Typ. 

Max. 

- 

150 

300 

- 

70 

140 

- 

50 

100 

— 

100 

200 

- 

50 

100 

- 

40 

80 

- 

100 

200 

- 

50 

100 

- 

40 

80 

- 

65 

130 

- 

30 

60 

- 

20 

40 

- 

50 

100 

- 

25 

50 

- 

20 

40 

_ 

20 

40 

- 

10 

20 

- 

0 

10 

- 

40 

80 

- 

20 

40 

- 

15 

30 

3.5 

7 

- 

6 

12 

- 

8 

16 1 

- 

15 

- 

- 

15 

- 

- 

15 

- 

- 



25 

40 

- 

5 

7.5 

- 

-40 

0 

- 

—15 

0 

- 

-10 

0 


V DD 

M£>* 

Vss 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V D0 ANO V ss 
CONNECT ALL UNUSEO 
INPUTS TO EITHER 


TERMINAL ASSIGNMENT 



Fig. 12 — Input current test circuit. 


Fig. 13 — Input voltage test circuit. 
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CD40181B Types 


COS/MOS 4-Bit 
Arithmetic Logic Unit 

High-Voltage Types (20-Volt Rating) 


The RCA-CD40181B is a low-power four-bit 
parallel arithmetic logic unit (ALU) capable 
of providing 16 binary arithmetic operations 
on two four-bit words and 16 logical func- 
tions of two Boolean variables. The mode 
control input M selects logical (M = High) or 
arithmetic (M = Low) operation. The four 
select inputs (SO, SI, S2, and S3) select the 
desired logical or arithmetic functtons, 
which include AND, OR, NAND, NOR, and 
exclusive— OR and-NOR in the logic mode, 
and addition, subtraction, decrement, left- 
shift and straight transfer in the arithmetic 
mode, according to the truth table. The 
CD40181B operation may be interpreted 
with either active-low or active-high data at 
the A and B word inputs and the function 
outputs F, by using the appropriate truth 
table. 

The CD40181B contains logic for full look- 
ahead carry operation for fast carry gener- 
ation using the carry-generate and carry- 
propagate outputs G and P for the four bits 
of the CD40181B. Use of the CD40182B 
look-ahead carry generator in conjunction 
with multiple CD40181B'S permits high- 
speed arithmetic operations on long words. 
A ripple carry output C n+ 4 is available for 
use in systems where speed ijs not of primary 
importance. 

Also included in the CD40181B is a com- 
parator output A = B, which assumes a high 
level whenever the two four-bit input words 
A and B are equal and the device is in the 
subtract mode. In addition, relative magni- 
tude information may be derived from the 
carry-in input C n and ripple carry-out out- 
put C n+ 4 by placing the unit in the subtract 
mode and externally decoding using the 
information in Table III. 

The CD40181.B types are supplied in 24- 
lead hermetic ceramic dual-in-line pack- 
ages (D and F suffixes), 24-lead dual-in-line 
plastic packages (E suffix), 24-lead ceramic 
flat packages (K suffix), and in chip form (H 
suffix). 

The CD40181 is similar to industry types 
MCI 4581 and 74181. 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating 
conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

Min. 

Max. 

Supply-Voltage Range 
(ForT^=Full Package- 
Temperature Range) 

3 

18 

V 


Features: 

■ Full look-ahead carry for speed operations on long words 

■ Generates 16 logic functions of two Boolean variables 

■ Generates 16 arithmetic functions of two 4-bit binary words 

■ A = B comparator output available 

■ Ripple-carry input and output available 

■ Typical addition time 200 ns @ Vqq = 10 V 

■ Standardized, symmetrical output characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 fiA at 18 V 
over full package temperature range; 

100 nA at 18 V and 25°C 

■ Noise margin (full package temperature range) 

= 1 V at V DD = 5 V 
= 2 Vat V DD = 10 V 
= 2.5 Vat V DD = 15 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

■ Parallel arithmetic units 

■ Process controllers 

■ Low-power minicomputers 



| CARRY IN 
. MODE _ 
CONTROL 


Cn 7 C IT OS 

M §_ >5 P.j 


LOOK 
. AHEAD 
CARRY 
' OUTPUTS 


(Active-high data) 
FUNCTIONAL DIAGRAM 
I 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE. (V DD ) 

(Voltages referenced to Vgg Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T A - —55 to + 1 00°C (PACKAGE TYPES D) . 500 mW 

For T a = +100 to +125°C (PACKAGE TYPES D ) . . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, H -55to+125°C 

PACKAGE TYPE E . . -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65to+l50°C 

LEAD TEMPERATURE (DURING SOLDERING) : 

At distance 1 /1 6 ± 1 /32 inch ( 1 .59 ± 0.79 mm) from case for 1 0 s max +265°C 



Fig. 1 — Typical output low (sink) 
current characteristics. 
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Fig. 2 — Minimum output low (sink) 
current characteristics. 
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CD40181B Types 



Fig. 3 — CD40181B logic diagram (active-low data). 


DRAIN- TO- SOURCE VOLTAGE (Vqs)— V 



Fig. 4 — Typical output high (source) 
current characteristics. 


DRAIN -TO-SOURCE VOLTAGE (VoS>— V 



Fig. 5 — Minimum output high (source) 
current characteristics. 



Fig. 6 — Typical propagation delay time as a 
function of load capacitance (for A 
or B to F, logic mode). 



of load capacitance. 



Fig. 8 — Typical dynamic dissipation as a function 
of input frequency (see Fig. 11 — dynamic 
power dissipation test circuit). 



Fig. 9 — Quiescent-device-current test circuit. 
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CD40181B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +1 25 Apply to D, F,H Packages 
Values at -40, +25, +85 Apply to E Package 

UNITS 

vo 

(V) 

V|N 

(V) 

Vdd 

(V) 


+25 

-55 

—40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, 
lDD M ax. 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

pA 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 
(Sink) Current 
|QL Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

051 

1 

- 

mA 

0.5 , 

0,10 

10 

1.6 

1.5 

11 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3 4 

6.8 


Output High 
(Source) 

Current, 

Iqh Min. 

4.6 

0.5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 


2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 


9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 


13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage: 
Low-Level, 

Vol Max. 

- 

0.5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 


0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage: 
High-Level, 

VoH Min. 


0,5 

5 

4.95 

4.95 

5 

- 

- 

0.10 

10 

9.95 

9.95 

10 

- 

- 

0.15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage, 

V|L Max. 

0.5, 4.5 

- 

5 

1.5 

- 

- 

1.5 

V 

1. 9 

. “ 1 

10 

3 

- 

- 

3 

1.5,13.5 


15 

4 

- 

- 

4 

Input High 
Voltage, 

V|H Min. 

0.5, 4.5 

- 

5 

3.5 

3.5 

- 

- 

1.9 

- 

10 

7 

7 

- 

_ 

1.5,13.5 

- 

15 

11 

11 

- 

- 

Input Current 
l|N Max. 

- 

0,18 

18 

±0.1 

to., 

« 


- 

±10-5 

±0.1 

m a 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C; Input t r< t f = 20 ns, 
C L = 50pF, R L = 200 k SI 


CHARACTERISTIC 

V DD 

(V) 

LIMITS ! 

UNITS 

Typ. 

Max. 

Propagation Delay Time: tpLH 

5 

400 

800 


A or B to F (logic mode). 

10 

160 

320 

ns 

A or B to G or P, 

15 

120 

240 



5 

500 

1000 


A or B to F, C n +4 , or A = B, 

10 

200 

400 

ns 


15 

140 

280 



5 

320 

640 


c n t0 F 

10 

135 

270 

ns 


15 

100 

200 



5 

200 

400 


Cn t0 C n +4 

10 

100 

200 

ns 


15 

70 

140 



5 

100 

200 


Transition Time: ty^, ^TLH 

10 

50 

100 

ns 


15 

40 

80 


Input Capacitance, Cj jyj (Any Input) 

- 

5 

7.5 

pF 


INPUTS 



V IL 


V DO 

_L 


OUTPUTS 



NOTE : 

Vce TEST ANY COMBINATION 

OF INPUTS 


92CS-2T44IRI 

Fig. 10 — Input-voltage test circuit. 



AO.AI.A2, A3, SO, S3, M,Cn * V DD 

B0,BI,B2,B3-»| N 

SI.S2 » V S s 

(ALL OUTPUTS SWITCHING EXCEPT G ) 

9<!CS-?B887 

Fig. 1 1 - Dynamic power dissipation test circuit. 


1 


INPUTS 



T 


NOTE 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH V 0D AND V S g 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
V DD OR V ss 


Fig. 12 - Input current test circuit. 



£n + 4 


92CS-27708 


Top View 


Terminal Assignment 
(Active-low Data) 
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CD40181B Types 


TABLE I 
TRUTH TABLE 





- 

INPUTS/OUTPUT ACTIVE LOW j 

FUNCTION 

LOGIC 

ARITHMETIC* FUNCTION 1 


SELI 

E£I_ 


FUNCTION 

M 

= L 

S3 

S2 

SI 

so 

M = H 

C„ =L 

c„ = H 

0 

0 

0 

0 

A 

A minus 1 

A 

0 

0 

0 

1 

AB 

AB minus 1 

AB 

0 

0 

1 

0 

A + B 

AB minus 1 

AB 

0 

0 

1 

1 

Logic 1 

minus 1 

Zero 

0 

1 

0 

0 

A + B 

A plus (A + 1) 

A plus (A+"B)plus 1 

0 

1 

0 

1 

B 

AB plus (A + B) 

AB plus (A +T5) plus 1 

0 

1 

1 

0 

A © B 

A minus B minus 1 

A minus B 

0 

1 

1 

1 

A + B 

A + B 

(A + B) plus 1 

1 

0 

0 

0 

AB 

A plus {A + B) 

A plus (A + B) plus 1 

1 

0 

0 

1 

A 0 B 

A plus B 

A plus B plus 1 

1 

0 

1 

0 

B 

Al plus (A + B) 

AB plus (A + B)plus 1 

1 

0 

1 

1 

A + B 

A + B 

A + B plus 1 

1 

1 

o 

0 

Logic 0 

A plus A 

A plus A plus 1 

1 

1 

0 

1 

AB 

AB plus A 

AB plus A plus 1 

1 j 

1 

1 

0 

AB 

AB plus A 

AB plus A plus 1 

Jj 

1 

1 

1 

A 

A 

A plus 1 


r 




INPUTS/OUTPUTS ACTIVE HIGH j 

| FUNCTION 

LOGIC 

ARITHMETIC* FUNCTION 1 


SEL 

ECT 


FUNCTION 

M 

= L 

S3 

S2 

SI 

so 

M = H 

Cn = H 

C n = L 

0 

0 

0 

0 

S' 

A 

A plus 1 

0 

0 

0 

1 

A + B 

A + B 

(A + B) plus 1 

0 

0 

1 

0 

AB 

A + B 

(A + B) plus 1 

0 

0 

1 

1 

Logic 0 

minus 1 

Zero 

0 

1 

0 

0 

AB 

A plus AB" 

A plus AB plus 1 

0 

1 

0 

1 

B 

(A + B) plus AB 

(A + B) plus AB plus 1 

0 

1 

1 

0 

A © B 

A minus B minus 1 

A minus B 

0 

1 

1 

1 

AB 

AB minus 1 

AB 

1 

0 

0 

0 

A + B 

A plus AB 

A plus AB plus 1 

1 

0 

0 

1 

A © B 

A plus B 

A plus B plus 1 

1 

0 

1 

0 

B 

(A + B) plus AB 

(A + T3) plus AB plus 1 

1 

0 

1 

1 

AB 

AB minus 1 

AB 

1 

1 

0 

0 

Logic 1 

A plus A 

A plus A plus 1 

1 

1 

0 

1 

A + B 

(A + B) plus A 

(A + B) plus A plus 1 

1 

1 

1 

0 

A + B 

(A + B) plus A 

(A + B) plus A plus 1 

1 

1 

1 

1 

A 

A minus 1 

A 


* Expressed as two’s complement. 1 = HIGH LEVEL 0 = LOW LEVEL 


c 

125— 

20 40 60 80 9 
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Dimensions and pad layout for CD40181BH. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~3 inch). 


The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage angles 
are 57° instead of 90° with respect to the face of 
the chip. Therefore, the isolated chip is actually 
7 mils (0. 17 mm) larger in both dimensions. 
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CD40181B Types 


TABLE II 


AC TEST SETUP REFERENCE (ACTIVE-LOW DATA) 


TEST 

DELAYTIMES 

AC PATHS 

DC DATA INPUTS 

MODE* 

INPUTS 

OUTPUTS 

TO V ss 

TO V DD 

SUM||\j to SUMqjjj 

BO 

Any F 

B1, B2, B3, 
M, C n 

All A's 

ADD 

SUM | |\j to P 

AO 

P 

M, A2, A3, 
M, C n 

All B's 

ADD 

SUM|(sj to G 

BO 

G 

All A's 

M. C n 

Bl, B2,B3 

ADD 

SUM|(vj to C n+ 4 

BO 

c n+4 

All A's, 

M.C n 

B1, B2,B3 

ADD 

C n to SUMqut 

C n 

Any F 

All A's, 

M 

All B's 

ADD 

C n to C n+4 

Cp 

C n+4 

All A's, 

M 

All B's 

ADD 

SUM) [\j to A = B 

BO 

A = B 

All A's, 

B1, B2, B3, 

M 

Cn 

SUBTRACT 

SUM|(\j to SUMqjj-|- 
( Logic Mode) 

All B's 

Any F 

All A's, 

c n 

M 

EXCLUSIVE 

OR 


* ADD Mode: SO. S3 = V DD ; SI. S2 = V ss . SUBTRACT Mode: SO, S3 = V ss ; SI, S2 = V DD . 


TABLE III 

MAGNITUDE COMPARISON 

ACTIVE - HIGH DATA ACTIVE - LOW DATA 


INPUT 

C n 

OUTPUT 

C n +4 

MAGNITUDE 


INPUT 

C n 

OUTPUT 

Cn+4 

MAGNITUDE 

1 

1 

A<B 


0 

0 

A<B 

0 

1 

A < B 


1 

0 

A < B 

1 

0 

A > B 


0 

1 

A > B 

0 

0 

A>B 


1 

1 

A>B 


1 = HIGH LEVEL 
0= LOW LEVEL 
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CD40182B Types 


COS/MOS Look-Ahead 
Carry Generator 

High-Voltage Types (20-Volt Rating) 

The RCA-CD40182B is a high-speed look- 
ahead carry generator capable of anticipating 
a carry across four binary adders or groups 
of adders. The CD40182B is cascadable to 
perform full look-ahead across n-bit adders. 
Carry, propagate-carry, and generate-carry 
functions are provided as enumerated in the 
terminal designation below. 

TheCD40182B, when used in conjunction 


Features: 

■ Generates high-speed carry across four adders 
or adder groups 

■ High-speed operations: 

tpHL = tpLH = 100 ns fcYP-) @ V DD = 10 v 

■ Cascadable for fast carries over N bits 

■ Designed for use with CD40181B ALU 

■ 100% tested for quiescent current at 20 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Standardized, symmetrical output 
characteristics 

■ Maximum input current of 1 juA at 18 V 
over full package-temperature range; 100 
nA at 18 V and 25°C 



with the CD40181 B arithmetic logic unit 
(ALU), provides full high-speed look-ahead 
carry capability for up to n-bit words. Each 
CD40182B generates the look-ahead (antici- 
pated carry) across a group of four ALU's. 
In addition, other CD40182B's may be em- 
ployed to anticipate the carry across sections 
of four look-ahead blocks up to n-bits. Carry 
inputs and outputs of the CD401 81 B are 
active-high logic, and carry-generate (G) and 
carry-propagate (P) outputs are active-low. 


■ Noise margin (full package-temperature 

range) = 1 V at V DD = 5 V 

2 Vat V DD = 10 V 
2.5 Vat V DD = 15 V 

■ Meets all requirements of JEDEC Ten- 
tative Standard No. 13A, "Standard 
Specifications for Description of 'B' 

Series CMOS Devices" 

Applications: 

■ High-speed parallel arithmetic units 

■ Multi-level look-ahead carry generation for 
long word lengths 



TERMINAL ASSIGNMENT 


Therefore the inputs and outputs of the 
CD40182B are compatible. 

The CD40182B types are supplied in 16- 
lead hermetic dual-in-line ceramic pack- 
ages (D and Fsuffixes), 16-lead dual-in-line 
plastic packages (E suffix), 1 6-lead ceramic 
flat packages (K suffix), and in chip form (H 
suffix). 

The CD40182B is similar to industry type 
MC14582. 


TERMINAL DESIGNATIONS 


DESIGNATION 

TERM. 

FUNCTION 

G0,GT,G2,G3 

3, 1, 14,5 

Active-Low 

Carry-Generate 

Inputs 

P0,pT,P2^P3 

4,2, 15,6 

Active-Low 

Carry-Propagate 

Inputs 

c n 

13 

Active-High 

Carry Input 

^n+X' G n +y. 
c n+z 

12, 11,9 

Active-High 

Carry Outputs 

G 

10 

Active-Low 

Group 

Carry -Generate 
Output 

P 

7 

Active-Low 

Group 

Carry-Propagate 

Output 



Fig. 1 - CD40182B logic diagram. 

CD40182B Logic Equations: 


C n + X =G0 + P0C n 
C n+y =G1 +P1 G0 + P1 P0C n 
C n+Z = G2 + P2 • G1 + P2 • PI • GO + P2 • PI ■ P0 • C n 
G = G3 + P3 • G2 + P3 • P2 • G1 + P3 • P2 • PI • GO 
P = P3 • P2 • PI • P0 
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CD40182B Types 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply Voltage Range (ForT A = Full 
Package-Temperature Range) 

3 

18 

V 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, <V DD ) 

(Voltages referenced to V$s Terminal) 0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS 0.5 to V DD *0.5 V 

DC INPUT CURRENT, ANY ONE INPUT HOmA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T a = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T a = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T a = -55 to +100°C (PACKAGE TYPES D,F ) > 500 mW 

For T a = +100 to +125°C (PACKAGE TYPES D, F I . . Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D, F, H ' 55 to H25°C 

PACKAGE TYPE E 40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) 65to«l50°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1 /32 inch ( 1 .59 ± 0.79 mm) from case for 1 0 s max ♦ 265°C 



Fig. 2 — Typical output low (sink) 
current characteristics. 



STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +1 25 Apply to D, F,H Packages 
Values at —40. +25, +85 Apply to E Package 

UNITS 

v 0 

(V) 

V|N 

(V) 

V DD 

(V) 

_ 

+25 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, 

IDD Max. 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

pA 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 
(Sink) Current 
Iql Min. 

0.4 

BE 

MM 



jEsm 

Ejgj) 

EBI 

1 

- 


0.5 


m 

wm 

mm 

mm 

warn 

MEM 


- 

1.5 


mm 

KOI 

* 

warn 

MM 

m 

warn 

- 

Output High 
(Source) 

Current, 
lOH Min. 

4.6 

El 

5 

my 

EH 


EE3 

BI3I 

-i 

- 

mm 


5 



ESS 

EQE 

ra 

Ei 

- 

KEH 

EE 

m 

£21 

am 

an 


an 

BEI 

- 

BESi 

ECU 

■a 

ea 

— 


ma 

sa 

EH 

- 

Output Voltage: 
Low-Level, 

Vol Max. 

- 


5 

0.05 

- 

0 


1 

- 

EH 

«a 

0.05 

- 

0 

ma 

- 

E£l 

■a 

0.05 

- 

0 

iaa 

Output Voltage: 
High-Level, 

VoH Min. 


BE 

5 

4.95 

4.95 

5 

- 

- 


■a 

9.95 


10 

- 

- 


■a 

14.95 


15 

- 

Input Low 
Voltage, 

V | L Max. 



5 

1.5 

- 

- 

m 

1 

1 , 9 

- 

■a 

3 

- 

- 

3 


B 


4 

- 

- 

4 

Input High 
Voltage, 

V|H Min. 



MM 

3.5 


- 

- 

1,9 


■a 

7 


- 

— 



O 

11 

mm 

- 

- 

Input Current 

1 Its) Max. 

- 


D 








B 


Fig. 3 — Minimum output low (sink) 
current characteristics. 
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Fig. 4 — Typical output high (source) 
current characteristics. 
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Fig. 5 — Minimum output high (source) 
current characteristics. 
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CD40182B Types 




Fig. 7 - Typical propagation delay time as a function 
of load capacitance (P. G In to P, G Out 
and Carry-Outs). 



Fig. 8 — Typical power dissipation as a function of 
input frequency. 



Fig. 9 - Power dissipation test circuit. 



Fig. 10 - Quiescent device current test circuit. Fig. 11 - Input voltage test circuit. Fig- 12 ~ Input current test circuit. 

Applications 



9ZCS-2T626RI 


Fig. 13— 16-Bit two-level look-ahead ALU. 
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CD40182B Types 


■116) CD4018I 



CD40I8IB 



Fig. 15 — Combined two-level look-ahead and ripple-carry ALU. 



Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as 
indicated. Grid graduations are in mils HOT ^ inch). 


The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils fO. 1 7 mm) larger in both dimensions. 


427 


CD40192B, CD40193B Types 


COS/MOS Presettable 
Up/Down Counters 
(Dual Clock With Reset) 

High-Voltage Types (20-Volt Rating) 
CD40192 — BCD Type 
CD40193 — Binary Type 

The RCA-CD40192B Presettable BCD Up/ 
Down Counter and the CD40193B Preset- 
table Binary Up/Down Counter each consist 
of 4 synchronously clocked/gated "D" type 
flip-flops connected as a counter. The inputs 
consist of 4 individual jam lines, a PRESET 
ENABLE control, individual CLOCK UP 
and CLOCK DOWN signals and a master RE- 
SET. Four buffered Q signal outputs as well 
as CARRY and BORROW outputs for mul- 
tiple-stage counting schemes are provided. 

The counter is cleared so that all out- 
puts are in a low state by a high on the RE- 
SET line. A RESET is accomplished asynchro- 
nously with the clock. Each output is 
individually programmable asynchronously 
with the clock to the level on the cor- 
responding jam input when the PRESET 
ENABLE control is low. 

The counter counts up one count on the 
positive clock edge of the CLOCK UP sig- 
nal provided the CLOCK DOWN line is high. 
The counter counts down one count on the 
positive clock edge of the CLOCK DOWN 
signal provided the CLOCK UP line is high. 

The CARRY and BORROW signals are high 
when the co unter is counting up or down. 
The CARRY signal goes low one-half clock 
cycle after the counter reaches its maximum 
count in the count-up mode. The BORROW 
signal goes low one-half clock cycle after 
the counter reaches its minimum count in the 
count-down mode. Cascading of multiple pack- 
ages is easily accomplished without the need 
for additio nal external circuitry by tying the 
BORROW and CARRY outputs to the 
CLOCK DOWN and CLOCK UP inputs, 
respectively, of the succeeding counter 
package. 

The CD40192B and CD40193B types are 
supplied in 16-lead hermetic dual-in-line 
ceramic packages (D and F suffixes), 16- 
lead dual-in-line plastic packages (E suffix), 
16-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 


Features: 

■ Individual clock lines for counting up or counting down 

■ Synchronous high-speed carry and borrow propagation 
delays for cascading 

■ Asynchronous reset and preset capability 

■ Medium-speed operation— f^L = 8 MHz (typ.) @10 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Standardized, symmetrical output 
characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 /iA at 18 V 
over full package temperature range; 100 
nA at 18 V and 25°C 

■ Noise margin over full package temperature 
range: 

1 V at Vq D = 5 V 2 V at V DD = 10 V 



2.5 Vat V DD = 15 V 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 


Applications: 

■ Up/down difference counting 

■ Multistage ripple counting 



■ Synchronous frequency dividers 


92CS- 27564R2 


■ A/D and D/A conversion 


CD40192B, CD40193B 


■ Programmable binary or BCD counting 


TERMINAL ASSIGNMENT 
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CD40192B, CD40193B Types 


RESET 
*© 



| | -X * -* 

CONTROL LOGIC I ■ SAME AS CONTROL LOGIC I 






Fig. 4 — Internal logic of Flip-flop. 
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Fig. 3 — CD40192B timing diagram. 



Fig. 5 — CD40193B timing diagram. 



Fig. 6 — Typical output low (sink) 
curren t characteristics. 
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CD40192B, CD40193B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgs Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V 0 D +0-5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T a = -55 to +100°C (PACKAGE TYPES D.F) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D, F ) . . . Derate Linearly at 12 mW/°C to 200 mW 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE ( T A ) : 

PACKAGE TYPES D, F, H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 132 inch ( 1 .59 ± 0.79 mm) from case for 1 0 s max +265°C 



Fig. 7 — Minimum output low (sink) 
current characteristics. 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C (unless otherwise specified) 


For maximum reliability, nominal operating conditions should be selected so that operation is 
always within the following ranges. 


CHARACTERISTIC 

V DD 

(V) 

LIMITS 

UNITS 


Min. 

Max. 


Supply Voltage Range (ForT A = Full Temp. Range) 

- 

3 

18 

V 


5 

80 



Removal Time: 

10 

40 


ns 

RESET or PE 



15 

30 

~ 


Pulse Width: 

5 

10 

480 

- 


300 

— 

ns 

RESET 

15 

260 

- 



5 

240 

- 


PE 

10 


■ 

ns 


15 





5 

180 

■HH 

|H| 

CLOCK 


90 





60 

Hr”! 



5 


■ 

Hi 

Clock Input Frequency 

10 

DC 




15 



m 


5 

- 

15 


Clock Rise & Fall Time 

10 

- 

15 

/is 


15 

- 

5 



DRAIN- T0-S0URCE VOLTAGE (Vos)— V 



current characteristics. 




PRESET ENABLE- 



3| C jzz: 


* 

RESET OR PRESET ENABLE 
REMOVAL TIME 

92CS-27562RI 

Fig. 10 — Timing diagram defining t rem - 



Fig. 11— Typical transition time as a 
function of load capacitance. 
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CD40192B, CD40193B Types 




0 10 20 30 40 50 60 70 80 90 100 

LOAD CAPACITANCE (C L > — pF 


Fig. 12— Typical propagation delay time 
as a function of load capacitance. 



Fig. 13 — Dynamic power dissipation. 



Dimensions and pad layout for the CD40192BH The photographs and dimensions of each 

(dimensions and pad layout for the CD40193BH COS/MOS chip represent a chip when it 

are identical). IS part of the wafer - When the wafer is 

cut into chips, the cleavage angles are 
57 instead of 90 with respect to the 
Dimensions in parentheses are in millimeters and * ace °f t ^ e chip. Therefore, the isolated 

are derived from the basic inch dimensions as in- chip is actually 7 mils (0. 17 mm) larger 

dicated. Grid graduations are in mils (10~3 inch). in both dimensions. 


431 




CD40192B, CD40193B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C 
Input t r , tf = 20 ns, C L = 50 pF, R L = 200 kf2 


CHARACTERISTIC 

V DD 

(V) 

LIMITS 

UNITS 


Min. 

Typ. 

Max. 


Propagation Delay Time tpm_, tpi_|_|: 

CLOCK UP or CLOCK DOWN to Q, RESET to Q 

5 

10 

- 

250 

120 

500 

240 

ns 

15 

— 

90 

180 



5 

- 

200 

400 


PE to Q 

10 

- 

100 

200 

ns 


15 

- 

70 

140 



5 

- 

160 

320 


CLOCK UPto CARRY, CLOCK DOWN to BORROW 

10 

- 

80 

160 

ns 


15 

- 

60 

120 



5 

- 

300 

600 


RESETor PE to BORROW or CARRY 

10 

- 

150 

300 

ns 


15 

- 

110 

220 



5 

- 

100 

200 


Transition Time, tj^L' *TLH 

10 

- 

50 

100 

ns 


15 

- 

40 

80 



5 

- 

40 

80 


Min. Removal Time, t rem * RESET or PE 

10 

- 

20 

40 

ns 

15 

- 

15 

30 



5 

- 

240 

480 


Min. Pulse Width, t w RESET 

10 

- 

150 

300 

ns 


15 

- 

130 

260 



5 

_ 

120 

240 


PE 

10 

- 

85 

170 

ns 


15 

- 

70 

140 



5 

- 

90 

180 


CLOCK 

10 

- 

45 

90 

ns 


15 

- 

30 

60 



5 

2 

4 

_ 


Max. Clock Input Frequency, f^|_ 

10 

4 

8 

- 

MHz 


15 

5.5 

11 

- 



5 

- 

- 

15 


Clock Rise & Fall Time, t r , tf 

10 


- 

15 

Ms 


15 


- 

5 


Input Capacitance, C| jsj : 






RESET 

- 


10 

15 

pF 

All Other Inputs 

- 

- 

5 

7.5 

pF 


* The time required for RESET or PRESET ENABLE control to be removed before clocking (see timing 
diagram. Fig. 10. 



Fig. 14 — Dynamic power dissipation test circuit. 


V DD 



Fig. 15— Quiescent-device-current test circuit. 



Fig. 16 - Input-voltage test circuit. 


xx -H 

Vss 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V DD AN0V ss 
CONNECT ALL UNUSE0. 
INPUTS TO EITHER 
v dd orv ss 


Fig. 17 — Input current test circuit. 



ENABLE 

92CS - 27563RI 

Fig. 18 — Cascaded counter packages. 
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CD40208B Types 


COS/MOS 4x4 Multiport 
Register 

High-Voltage Types (20-Volt Rating) 


The RCA-CD40208B is a 4 x 4 multiport 
register containing four 4-bit registers, write 
address decoder, two separate read address 
decoders, and two 3-state output buses. 

When the ENABLE input is low, the cor- 
responding output bus is switched, inde- 
pendently of the clock, to a high-impedance 
state. The high-impedance third state pro- 
vides the outputs with the capability of being 
connected to the bus lines in a bus-organized 
system without the need for interface or 
pull-up components. 

When the WRITE ENABLE input is high, 
all data input lines are latched on the positive 
transition of the CLOCK and the data is 
entered into the word selected by the write 
address lines. When WRITE ENABLE is low, 
the CLOCK is inhibited and no new data is 
entered. In either case, the contents of any 
word may be accessed via the read address 
lines independent of the state of the CLOCK 
input. 

The CD40208B types are supplied in her- 
metic24-lead dual-in-line ceramic packages 
(D and F suffixes), 24-lead dual-in-line plas- 
tic packages (E suffix), 24-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Features: 

■ Four 4-bit registers 

■ One input and two output buses 

■ Unlimited expansion in bit and word 
directions 

■ Data lines have latched inputs 

■ 3-state outputs 

■ Separate control of each bus, allowing 
simultaneous independent reading of 
any of four registers on Bus A and 
Bus B and independent writing into 
any of the four registers 

■ Standardized, symmetrical output 
characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 pA at 18 V 
over full package-temperature range; 

100 nA at 18 V and 25°C 

■ Noise margin (over full package- 
temperature range): 

1 V at V DD = 5 V 

2 Vat V DD = 10 V 
2.5 V at V DD = 15 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC 
Tentative Standard No. 13A, “Standard 
Specifications for Description of 'B' 

Series CMOS Devices" 

Applications: 

a Scratch-pad memories 

■ Arithmetic units 

■ Data storage 


WRITE 

ENABLE ENABI 

LE A 



- — Q0' 

Inputs- 02 JS_ 


- — Q2 'OUTPUT 

- — Q3 

WRITE 0 



WRITE 1 


^-OO'l 

23 

READ IA 




01 WORD B 



2 Q 2 ’OUTPUT 

READ IB — — 


03 J 

REA0 oa — 



V D0‘* 4 CLI 
v ss .!2 

TT 

ock enai 

3LE B 

92CS-2B349AI 

FUNCTIONAL DIAGRAM 



Fig. 1 — Block diagram. 
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TERMINAL ASSIGNMENT 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T a = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T a = -55 to +100°C (PACKAGE TYPES D,F) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D, F). . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, H -55to+125°C 

PACKAGE TYPE E -^10 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 
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CD40208B Types 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

V DD 

(V) 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply Voltage Range 





(For T a = Full Package 

- 

3 

18 

V 

Temperature Range) 





Set-Up Time: 

5 

0 

- 


Data to Clock, tg(D) 

10 

0 

- 

ns 


15 

0 

- 


Write Enable to Clock, 

5 

250 

- 


t S(WE) 

10 

100 

- 

ns 


15 

70 

- 


Write Address to Clock, 

5 

250 

- 


tS(WA) 

10 

100 

- 

ns 


15 

70 

- 


Hold Time: 

5 

220 

- 


Data to Clock, t^p) 

10 

100 

- 

ns 


15 

80 

- 


Write Enable to Clock, 

5 

270 

- 


t H(WE) 

10 

130 

- 

ns 


15 

80 

- 


Write Address to Clock, 

5 

330 

- 


t H(WA) 

10 

140 

- 

ns 


15 

90 

- 




Fig. 4 — Typical output low (sink) 
current characteristics. 



Fig. 5 - Minimum output low (sink) 
current characteristics. 

OR AIN -TO- SOURCE VOLTAGE (V DS )-V 









CD40208B Types 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS Values at -55, +25, +125 Apply to D,K,F,H Packages 
Values at -40, +25, +85 Apply to E Package 


CHARACTER- 

ISTIC 


Quiescent Device 
Current, 

IDD Max- 


Output Low 
(Sink) Current 
Iql Min. 

Output High 
(Source) 

Current, 

Iqh M'n- 

Output Voltage: 
Low-Level, 

Vql Max. 

Output Voltage: 
High-Level, 

VoH Min. 

Input Low 
Voltage, 

V|[_ Max. 

Input High 
Voltage, r 

V|H Min. 

Input Current 
l||M Max. 

3-State Output 
Leakage Current 
■OUT Max- 


o 20 40 eo eo ioo 120 no mo 



V|N 



+25 

(V) 

(V) 

(V) 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

- 

0,5 

5 

5 

5 

150 

150 


0.04 

5 

- 

0,10 

10 

10 

10 

300 

300 


0.04 

10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

0.4 

0,5 

5 

0.64 

0.61 

0.42 


1 

- 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

HQ 

■a 

HOI 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

msm 

eh 

6.8 

- 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 


-1 

- 

2.5 

0.5 

5 

-2 

-1.8 

-1.3 

mmmm 

gg 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 


Em 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

mi 

ms 

EH 

- 

- 

0,5 

5 


0.05 


- 

0 


- 

0,10 

10 


0.05 


- 

0 


- 

0,15 

15 


0.05 


- 

■1 


- 

0,5 

5 


4.95 


Etna 

5 

- 

- 

0,10 

10 


9.95 


g 

10 

- 

- 

0,15 

15 

14.95 

14.95 

mm 

- 

0.5, 4.5 

- 

5 

1.5 

— 


MB 



- Typical power dissipation as a 
function of input frequency. 


Ms>- 

Vss 



NOTE 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH V 0D AND V ss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 



- input leakage current 
test circuit. 









1 114-122 

(2.S9C-90M) 


Fig. 12 — Quiescent-device-current 
test circuit. 


Dimensions and Pad Layout for CD40208BH 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10~^ inch). 

The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 

, When the wafer is cut into chips, the cleavage angles 
are 57° instead of 90° with respect to the face of 
the chip. Therefore, the isolated chip is actually 
7 mils (0.17 mm) larger in both dimensions. 
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CD40208B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C; Input t r ,t f = 20 ns, 
C L = 50 pF, R|_ = 200 k£2 


CHARACTERISTIC 

V DD 

LIMITS 

UNITS 

(V) 

Min. 

Typ. 

Max. 

Propagation Delay Time: 

5 

- 

360 

720 


t PHL' t PLH 

10 

- 

140 

280 

ns 

Clock or Write Enable to Q 

15 

- 

100 

200 


Read or Write Address to Q 

5 

- 

300 

600 



10 

- 

120 

240 

ns 


15 

- 

85 

170 


3-State Disable Delay Time: 

5 

- 

100 

200 



10 

- 

50 

100 

ns 

tpZH< tPHZ 

15 

- 

40 

80 


tpZL^PLZ 

5 

- 

130 

260 



10 

- 

60 

120 

ns 


15 

- 

50 

100 


Output Transition Time: 

5 

- 

100 

200 


^HL^TLH 

10 

- 

50 

100 

ns 


15 

- 

40 

80 


Minimum Setup Time: 

5 

- 

-95 

0 


Data to Clock tg(pj 

10 

- 

-35 

0 

ns 

15 

- 

-20 

0 



5 

- 

125 

250 


Write Enable to Clock t^(\NE) 

10 

- 

50 

100 

ns 

15 

- 

35 

70 



5 

- 

125 

250 


Write Address to Clock tg(\/\/ A ) 

10 

- 

50 

100 

ns 

15 

- 

35 

70 


Clock Rise and Fall Time: 

5 

- 

_ 

15 


t r CL, t f CL 

10 

- 

- 

5 

JUS 


15 

- 

- 

5 


Minimum Hold Time: 

5 

- 

110 

220 


Data to Clock t|_|(Q) 

10 

- 

50 

100 

ns 

15 

- 

40 

80 



5 

- 

135 

270 


Write Enable to Clock t^^^) 

10 

- 

65 

130 

ns 

15 

- 

40 

80 



5 

- 

165 

330 


Write Address to Clock 

10 

- 

70 

140 

ns 

15 

- 

45 

90 



5 

1.5 

3 

_ 


Maximum Clock Input Frequency, 

10 

3.5 

7 

_ 

MHz 

f CL 

15 

4.5 

9 

- 


Minimum Clock Pulse Width, 

5 

- 

175 

350 


Clock or Write Enable 

10 

- 

65 

130 

ns 

t W(CL) 

15 

- 

45 

90 


Write Address 

5 

- 

150 

300 


%(WA) 

10 

- 

75 

150 

ns 


15 

- 

45 

90 


Average Input Capacitance, 



5 

7.5 

PF 

(Any Input) C| 





V DO 



NOTE ■ 

Vcc TEST ANY COMBINATION 

OF INPUTS 

92CS-2744IRI 


Fig. 13— Input-voltage test circuit. 


Vdo 




CHAR 

TEST VOLTAGEj 

at 0 

at 0 

l PHZ 

vdo 

Vss 

'PZH 

Vdd 

Vs? 

»PLZ 

Vss 

Vdd 

*PZL 

Vss 

vdd 


Fig. 14 — Output-enable-delay-times test 
circuit and waveforms. 




Fig. 15— Power-dissipation test circuit 
and waveforms. 
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CD40257B Types 

COS/MOS 

Quad 2-Line-to-1-Line 
Data Selector/Multi 
plexer 

High-Voltage Types (20-Volt Rating) 


The RCA-CD40257B is a Data Selector/Multi- 
plexer featuring three-state outputs which 
can interface directly with and drive data 
lines of bus-oriented systems. 

The CD40257B types are supplied in 16- s 
lead hermetic dual-in-line ceramic packages s 
(D and F suffixes), 1 6-lead dual-in-line plas- 
tic packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

MAXIMUM RATINGS, Absolute-Maximum Values. 
DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to V$s Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS 

DC INPUT CURRENT, ANY ONE INPUT 

POWER DISSIPATION PER PACKAGE (Pq ) 

For T a 40 to i60°C (PACKAGE TYPE E) . . . 

For T A *60 to *85°C (PACKAGE TYPE E) , . 

For T a 55 to ♦ 100°C (PACKAGE TYPES D,F) 

For T a ♦ 100 to i 125°C (PACKAGE TYPES D, F) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T a FULL PACKAGE TEMPERATURE RANGE 
OPERATING TEMPERATURE RANGE (T A ) 

PACKAGE TYPES D. F. H 

PACKAGE TYPE E 

STORAGE TEMPERATURE RANGE (T stq ) . . . . 

LEAD TEMPERATURE (DURING SOLDERING) 

At distance PIG ' 1 32 inch ( 1 .59 * 0 79 mm) fiom cast 


Features: 

■ 3-state outputs 

■ Standardized, symmetrical output characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 fiA. at 18 V 
over full package-temperature range; 

100 n A at 18 V and 25°C 

■ Noise margin (over full package- 
temperature range): 

1 V at V DD = 5V 

2 Vat V DD = 10 V 
2.5 Vat V DD = 15 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC 
Tentative Standard No. 13A, "Standard 
Specifications for Description of 'B' 

Series CMOS Devices" 


0.5 to *20 V 
0.5 to Vqq +0.5 V 
. . . ±10 mA 


500 mW 

Derate Linearly at 12 mW/°C to 200 mW 

500 mW 

Derate Linearly at 12 mW/°C to 200 mW 


(All Package Types) 


55 to +125°C 
40 to +85°C 
- 65 to + 1 50°C 



ALL INPUTS PROTECTED BY . 
COS/MOS PROTECTION 
NETWORK 



Applications: 

■ Digital Multiplexing 

■ Shift-right/shift-left registers 

■ True/complement selection 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating 
conditions should be selected so that oper- 
ation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

Min. 1 Max. UN,TS 

Supply-Voltage Range 
(For T/\=Full Package- 
Temperature Range) 

3 

18 V 


TRUTH TABLE 

INPUTS 

3-STATE 

OUTPUT SELECT 
DISABLE 
1 
0 


X = DON'T CARE LOGIC 1 = HIGH 
LOGIC 0= LOW Z= HIGH IMPEDANCE 


AMBIENT TEMPERATURE (Ta)*25*C 





GATE-TO-SOURCE VOLTAGE (Vgs>= 15 V 


Fig. 1 - Logic diagram for CD40257B. 


DRAIN - TO -SOURCE VOLTAGE (V D sl - V 

Fig. 2 — Typical output low (sink) 
current characteristics. 
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CD40257B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 
Values at — 55,+25,+125 Apply to D, F,H Pkgs. 
Values at -40,+25,+85 Apply to E Pkgs. 

UNITS 

r Vo 

(V) 

V|N 

(V) 

V DD 

(V) 

-55 

-40 

+85 

+125 

+25 

Min. 

Typ. 

Max. 

Quiescent 

Device 

Current 
l DD Max. 

_ 

0,5 

5 

1 

1 

30 

30 

- 

0.02 

1 

/iA 

- 

0,10 

10 

2 

2 

60 

60 

- 

0.02 

2 

- 

0,15 

15 

4 

4 

120 

120 

- 

0.02 

4 

- 

0,20 

20 

20 

20 

600 

600 

- 

0.04 

20 

Output Low 
(Sink) 
Current, 

Iql Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 


mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

Output High 
(Source) 
Current, 

'oh Min - 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Volt- 
age: 

Low- Level, 
Vql Max. 

_ 

0,5 

5 

0.05 

_ 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Volt- 
age: 

High-Level, 
Vqh Min. 


0,5 

5 

4.95 

4.95 

5 


- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage, 

V||_ Max. 

0.5,4. 5 

- 

5 

1.5 

_ 

_ 

1.5 

V 

1,9 

- 

10 

3 

- 

- 

3 

1.5,13.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V ||_j Min. 

0.5,4. 5 

- 

5 

3.5 

3.5 

_ 

_ 

1,9 

- 

10 

7 

7 

- 

_ 

1.5,13.5 

- 

15 

11 

11 

- 

- 

Input 

Current, 

1 1 (\j Max. 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10~ 5 

±0.1 

AiA 

3-State Output 
Leakage 
Current 
'OUT Max. 


0,18 

18 

±0.4 

±0.4 

±12 

±12 

- 

TT 

1 

O 

+1 

±04 

pfk 



DRAIN -TO - SOURCE VOLTAGE (V D S) — V 


Fig. 3 — Minimum output low (sink) 
current characteristics. 


DRAIN- TO- SOURCE VOLTAGE (V DS )-V 



Fig.4 — Typical output high ( source ) 
current characteristics. 


DRAIN -TO -SOURCE VOLTAGE (V D s>-V 



DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C; Input t r , tf = 20 ns, 
C|_ = 50 pF, Rl = 200 KS7 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 


VddW) 

Typ. 

Max. 

Propagation Delay Time: 

Data Input to Output, 
tPHL, tPLH 


5 

10 

15 

150 

70 

50 

300 

140 

100 

ns 

Select to Output, 
tPHL, tPLH 


5 

10 

15 

190 

85 

65 

380 

170 

130 

ns 

Output Disable to Output, 
tPHL, tPLH 


5 

10 

15 

95 

50 

40 

190 

100 

80 

ns 

Transition Time, 
tTHL, tjLH 


5 

10 

15 

100 

50 

40 

200 

100 

80 

ns 

Input Capacitance, C| fsj 

Any Input 

- 

5 

7.5 

pF 


Fig. 5- Minimum output high (source) 
current characteristics. 



Fig. 6— Typical propagation delay time as a 
function of load capacitance (DATA 
INPUT to OUTPUT). 
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TRANSITION TIME (tTHL.»TLH>- 


CD40257B Types 



LOAD CAPACITANCE (C|_) — pF 


92CS- 24322 


Fig. 7 — Typical transition time as a function 
of load capacitance. 



92CS-2B743 

Fig. 8 — Typical dynamic power dissipation as a 
function of input frequency (one 
INPUT to one OUTPUT). 



Fig. 9 - Input current test circuit. 



Fig. 10 - Input voltage test circuit. VsS , 2 CS - 22401 m TERMINAL ASSIGNMENT 

Fig. 11 — Quiescent device 
current test circuit. 


Dimensions and pad layout for CD40257BH. 


0 10 20 30 40 50 60 70 79 

1 I I l l I I II 



The photographs and dimensions of each COS/MOS 
Dimensions in parentheses ore in millimeters and are chip represent a chip when it is part of the wafer, 

derived from the basic inch dimensions as indicated. When the wafer is cut into chips, the cleavage 

Grid.yraduations are in mils (10~3 inch). angles are 57° instead of 9CP with respect to the 

face of the chip. Therefore, the isolated chip is 
actually 7 mils (0. 1 7 mm) larger in both dimensions. 


440 






COS/MOS A-Series 
Integrated Circuits 

Technical Data 
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CD4000A, CD4001A, CD4002A, CD4025A Types 

COS/MOS NOR Gates FUNCTI0N 

Dual 3 Input . M0,£fF %» _ , — . 

plus Inverter — CD4000A NC — A ^ _^rp-H r-^TI L 

Quad 2 Input— CD4001 A A ^“lM^fl L — E \J \J |_ 

Dual 4 lnput-CD4002A s — k-± k ’^ I 

Triple 3 lnput-CD4025A ° l \ 7~ l k c _i~K A“~L 

The RCA-CD4000A, CD4001A, CD4002A, Vss “ G v ss i]^ L~f i 

and CD4025A NOR gates provide the system 

° 32CS-24757 92CS-2476 

designer with direct implementation of the 

NOR function and supplement the existing D4000A CD4001A 

family of COS/MOS gates. > u DD 

A D2 A i D2 

These types are supplied in 14-lead her- Q—j-A/w T • ► gates 

metic dual-in-line ceramic packages (D and in r Adi all inputs are protected 

F suffixes), 14-lead dual-in-line plastic 92 C s- 22887 ri Tv ss by cos/mos protection network 
packages (E suffix), 14-lead ceramic flat 

packages (K suffix), and in chip form (H MAXIMUM RATINGS, Absolute-Maximui 

suffix). STORAGE-TEMPERATURE RANGE (T stg ) 


FUNCTIONAL DIAGRAMS 




92CS- 24758 

CD4002A 


J=A+B + C | 

92CS- 24760 


Features: 

■ Quiescent current specified to 15 V 

■ Maximum input leakage of 1 pA at 15 V 
(full package-temperature range) 

b 1-V noise margin (full package-tempera- 
ture range) 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) 

OPERATING-TEMPERATURE RANGE (T A ) ; 

PACKAGE TYPES D, F. H 

PACKAGE TYPE E 

DC SUPPLY-VOLTAGE RANGE, (V D d) 

(Voltages referenced to Vss Terminal): 

POWER DISSIPATION PER PACKAGE (Pq): 

FOR Ta = -40 to +€0°C (PACKAGE TYPE E ) 

FOR Ta = +60 to +85°C (PACKAGE TYPE E ) Derate Linearly at 1 

FOR T A = -55 to +100° C (PACKAGE TYPES D, F )' 

FOR Ta ~ +100 to +1 25°C (PACKAGE TYPES D, F:) .... Derate Linearly at 1 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 

INPUT VOLTAGE RANGE, ALL INPUTS 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max 


-55 to +1 25 q C 
-40 to +85 C 


500 mW 

2 mW/°C to 200 mW 

500 mW 

2 mW/°C to 200 mW 

100 mW 

-0.5 to VqD + 0-5 V 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

CHARACTERISTIC — L 7' TS ..w UNITS 

MIN. MAX. 

Supply- Voltage Range (For Ta = 

Full Package-Temperature 

Range) 3 12 V 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25° C, C L = 15 pF, Input t r , t f = 20 ns 


AMBIENT TEMPERATURE (TaWS'C 1 
. SUPPLY VOLTAGE ( V n ' n 'l ■ IS V -t-t-|-| 


CHARACTERISTIC 


TEST 

CONDI TIONS 
I V DD 


Propagation Delay Time: 5 35/60 50/95 35/60 80/9 

High-to-Low Level, 10 25/35 40/60 25/35 55/6 

t PHL 

Low-to-High Level, 5 35/80 95/120 35/80 120/1: 

t pLH 10 25/40 45/65 25/40 65/6 

Transition Time: 5 65 125 65 20C 

High-to-Low Level, ^ ^ ^ ^ TlE 

^HL 

Low-to-High Level, 5 65 175 65 30C 

^LH 10 35 75 35 12E 

Input Capacitance, C| Any Input 5-5 — 

Note: Numbers to the right of slash mark are for CD4025A: 

numbers to the left of slash mark are for 4000A, 4001 A, and 4002A. 


LIMITS 

D, F, H 
PACKAGES 

E 

PACKAGE 

TYP. 

MAX. 

TYP. 

MAX. 

35/60 

50/95 

35/60 

80/95 

25/35 

40/60 

25/35 

55/60 

35/80 

95/120 

35/80 

120/120 

25/40 

45/65 

25/40 

65/65 

65 

125 

65 

200 

35 

70 

35 

115 

65 

175 

65 

300 

35 

75 

35 

125 

5 

- 

5 

- 


Fig. 1 — Minimum & maximum voltage transfer 
characteristics. 



Fig. 2 — Typical voltage transfer characteristics 
as a function of temperature. 







CD4000A, CD4001A, CD4002A, CD4025A Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTERISTICS 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 

UNITS 

D, F, H PACKAGES 

E PACKAGE 

V 0 

(V) 

V .N 

(V) 

V DD 

(V) 

-55 

+ 25 

+125 

-40 

+25 

+85 

TYP. 

LIMIT 

TYP. 

LIMIT 

Quiescent Device 
Current, lj_ Max. 

- 

- 

5 

0.05 

0.001 

0.05 

3 

0.5 

0.005 

0.5 

15 

/iA 

- 

- 

10 

0.1 

0.001 

0.1 

6 

5 

0.005 

5 

30 

- 

- 

15 

2 

0.02 

2 

40 

50 

0.5 

50 

500 

Output Voltage: 

Low Level, 

V 0L 

- 

0, 5 

5 

0 Typ.; 0.05 Max 

V 

- 

0,10 

10 

0 Typ.; 0.05 Max 

High Level 

V 0H 

- 

0, 5 

5 

4.95 Min.; 5 Typ. 

- 

0,10 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 

V NL 

3.6 

- 

5 

1.5 Min.; 2.25 Typ. 

V 

7.2 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 

V NH 

1.4 

- 

5 

1.5 Mih.; 2.25 Typ. 

2.8 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 

Inputs Low, 

V NML 

4.5 

- 

5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High, 
V NMH 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 

Current: 

N-Channel 

(Sink), 

IpN Min. 

0.4 


5 

0.5 

1 

0.4 

0.28 

0.35 

1 

0.3 

0.24 

mA 

0.5 

- 

10 

1.1 

2.5 

0.9 

0.65 

0.72 

2.5 

0.6 

0.48 

P-Channel 

(Source): 

IpP Min. 

2.5 

- 

5 

-0.62 

-2 

-0.5 

-0.35 

-0.35 

-2 

-0.3 

-0.24 

9.5 

- 

10 

. 

-0.62 

-1 

-0.5 

-0.35 

-0.3 

-1 

-0.25 

-0.2 

Input Leakage 
Current, 

'lL' 'iH 

Any Input 

15 

±10"® Typ., ±1 Max. 

ma 



INPUT VOLTS (Vj) 


Fig. 3 — Typical current & voltage transfer 
characteristics. 



92CS-I7777 

Fig. 4 — Typical n -channel drain characteristics. 


NOR GATES 

DRAIN -TO- SOURCE VOLTS (V os ) 



Fig. 5 — Typical p-channel drain characteristics. 



Fig. 6 — Minimum n -channel drain characteristics. 


DRAIN -TO-SOURCE VOLTS tV os ) 



Fig. 7 — Minimum p-channel drain characteristics. 


AMBIENT TEMPERATURE (T A ) *28' 
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92CS- 19866 


Fig . 8 — Typical propagation delay time vs. Vqq. 
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CD4000A, CD4001A, CD4002A, CD4025A Types 



f ]g g _ Typical propagation delay time vs. Ci_. Fig. 10 — Typical transition time vs. Cf_. Fig. 11 — Typical dissipation characteristics. 



v oo 



NOTE: 

C04000.C04002, 004025- 
TEST ANY ONE INPUT WITH 
OTHER INPUTS AT Voo OR V ss - 

CD400I-TEST ANY 
COMBINATION OF INPUTS. 


Fig. 12 — Quiescent device current test circuit. Fig. 13 — Noise immunity test circuit. Fig. 14 — Input leakage current test circuit. 
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CD4006A Types 


COS/MOS 18 -Stage 
Static Shift Register 

The RCA-CD4006A types are comprised of 
4 separate shift register sections: two sec- 
tions of four stages and two sections of five 
stages with an output tap at the fourth 
stage. Each section has an independent 
single-rail data path. 

A common clock signal is used for all stages. 
Data are shifted to the next stage on nega- 
tive-going transitions of the clock. Through 
appropriate connections of inputs and out- 
puts, multiple register sections of 4, 5, 8, 
and 9 stages or single register sections of 10, 
12, 13, 14, 16, 17 and 18 stages can be 
implemented using one CD4006A package. 
Longer shift register sections can be assem- 
bled by using more than one CD4006A. 


Features: 

■ Fully static operation 

■ Shifting rates up to 5 MHz 

■ Permanent register storage with clock line high or 

low no information recirculation required 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 /iA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-temper- 
ature range) 

These types are supplied in 14-lead her- 
metic dual-in-line ceramic packages (D and 
F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 



Applications: 


MAXIMUM RATINGS, Absolute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (T stg ) -65to+150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, H -55 to +125 C 

PACKAGE TYPE E -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, <V DD ) 

(Voltages referenced to Vgs Terminal) —0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P D ): 

FOR T a = -40 to +60°C (PACKAGE TYPE E ) 500 mW 

FOR T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 1 2 mW/°C to 200 mW 

FOR T A = -55 to +100 °C (PACKAGE TYPES D, F ) 500 mW 

FOR T a = +100 to +125°C (PACKAGE TYPES D, F) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1/32 inch (1 .59 ±0.79 mm) from case for 10 s max +265 C 


■ Serial shift registers 

■ Time delay circuits 

■ Frequency division 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

VDD 

(V) 

LIMITS 

UNITS 

D,F,H 

Packages 

E 

Package 

Min. 

Max. 

Min. 

Max. 

Supply-Voltage Range (ForT A = Full 
Package-Temperature Range) 


3 

12 

3 

12 

V 

Data Setup Time, t§ 

5 

10 

80 

40 

_ 

100 

50 

_ 

ns 

Clock Pulse Width, tyy 

5 

10 

500 

200 

_ 

830 

250 

~ 

ns 

Clock Input Frequency, fQj_ 

5 

10 

dc 

dc 

1 

2.5 

dc 

dc 

0.6 

2 

MHz 

Clock Rise and Fall Time, t r CL, tfCL* 

5 

10 

- 

15 

5 

- 

15 

5 

Ms 



TRUTH TABLE FOR SHIFT REGISTER STAGE 


I = HIGH 
0= LOW 

NC = NO CHANGE 
X = DON'T CARE 
» -- LEVEL CHANGE 


92CS- I 798 7 R I 


D 

cl a 

D + 1 

0 

\ 

0 

I 

V 

1 


I 

NC 


Fig. 1 — Logic diagram and truth table 
(one register stage). 


If more than one unit is cascaded t f CL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 
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CD4006A Types 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) j 

Units 

D, F,H Packages 

E Package 

Vo 

(V) 

V|N 

(V) 

VDD 

(V) 

-55 

+25 

+125 

-40 

+25 

+85 

Typ. 

Limit 

Typ. 

Limit 

Quiescent Device 
Current, 1^ Max. 

- 

- 

5 

0.5 

0.01 

0.5 

30 

5 

0.03 

5 

70 

pA 

- 

- 

10 


0.01 

1 

60 

10 

0.05 

10 

140 

- 

- 

15 

25 

0.5 

25 

1000 

250 

2.5 

250 

2500 

Output Voltage: 
Low-Level, 
v OL 

- 

5 

5 

0 Typ.; 0.05 Max. 

V 

- 

10 

10 

0 Typ.; 0.05 Max. 

High Level, 
v OH 

- 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 

Vnl 

4.2 

- 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High, 

V NH 

0.8 

- 

5 

1.5 Min.; 2.25 Typ. 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 
Inputs Low, 
V NML 

4.5 

- 

5 

1 Min. 

V 

9 


10 

1 Min. 

Inputs High, 

vnmh 

0.5 


5 

1 Min. 

1 


10 

1 Min. 

Output Drive 
Current: 
n-Channel 
(Sink), 

IqN Min. 

0.5 


5 

0.155 

0.25 

0.125 

0.085 

0.072 

0.25 

0.06 

0.048 

mA 

0.5 

- 

10 

0.31 

0.5 

0.25 

0.175 

0.15 

0.5 

0.125 

0.1 

p-Channel 
(Source): 
l D P Min. 

4.5 

- 

5 

-0.125 

-0.15 

-0.1 

-0.07 

-0.06 

-0.15 

-0.05 

-0.04 

9.5 

- 

10 

-0.25 

-0.3 

-0.2 

-0.14 

-0.12 

-0.3 

-0.1 

-0.08 

Input Leakage 
Current, 

'IL. 'IH 

An', 

/ Inpi 

jt 

l ^ 

±10 _5 Typ., ±1 Max. 

pA 



* ALL INPUTS ARE PROTECTED 
BY COS/MOS PROTECTION 
NETWORK. 


NOTE: ALL "P"-UNIT SUBSTRATES 
ARE CONNECTED TO V DD 
ALL "N“ -UNIT SUBSTRATES 
ARE CONNECTED TO V ss 



r 

L 


CL V 0D 



Fig. 4 — Schematic diagram (one register stage). 


92CS- I7894RI 



Fig. 2 — Typical propagation delay time vs. 
load capacitance. 



Fig. 3 — Typical transition time vs. load 


capacitance. 



Fig. 5 — Typical output n -channel drain 
characteristics. 



MCS-17840 


Fig. 6 — Minimum output n-channel drain 
characteristics. 
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CD4006A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r , tf = 20 ns, 

C L =15pF, R L = 200 k El 




LIMITS 


CHARACTERISTIC 

TEST 

CONDITIONS 

D,F,H 

Packages 

E 

Package 

UNITS 



§ > 
> ~ 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Propagation Delay Time; 


5 

- 

250 

400 

- 

250 

500 

ns 

*PLH 'tPHL 


10 

- 

125 

200 

- 

125 

250 

Transition Time; 


5 

- 

250 

400 

- 

250 

500 

ns 

tTHL'tTLH 


10 

- 

125 

200 

- 

125 

250 

Maximum Clock Input 


5 

1 

2.5 

- 

0.6 

2.5 

- 

MHz 

Frequency, fQi_ 


10 

2.5 

5 

- 

2 

5 

- 

Minimum Clock Pulse 


5 

- 

200 

500 

- 

200 

830 

ns 

Width, tyy 


10 

_ 

100 

200 

- 

100 

250 

Clock Rise & Fall Time; 


5 

- 

- 

15 

- 

- 

15 

Ms 

t r CL, t f CL* 


10 

- 

- 

5 

- 

- 

5 

Minimum Data Set Up 


5 

- 

50 

80 

- 

50 

100 

ns 

Time, t§ 


10 

- 

25 

40 

- 

25 

50 

Average Input 

Data Input 

- 

5 

- 

- 

5 

- 

pF 

Capacitance, C| 

Clock Input 

- 

30 

- 

- 

30 

- 

pF 


If more than one unit is cascaded t f CL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 


ORAIN-TO-SOURCE VOLTS (V DS ) 


IlHillllll y piiilliiiiil 
iliiiil! !! ps njs&Bm n mmMm hi 
iiilMMIiMiillliiii III! j 

•• iliiiil siiliiijjjjiiiii II iiiiiiiiiiiiiiiiillli! ill 


ftATT-TO-SOURCE VOLT3(Vn<>*— I94ll|i4t4li||l HllllllFffff 


ililliiiiliii 

iiiiiiililiii 

::::::::::::: 

::::::::::::: 

iiiiiiililiii 

|lf| 

jililiiiiiiii 





92CS-I7843 

Fig. 7— Typical output p-channel drain 
characteristics. 


DRAIN-TO-SOURCE VOLTS (VDS 



92CSI7842 

Fig. 8 - Minimum output p-channel drain 
characteristics. 



Fig. 10 — Typical dock input frequency vs. 



Fig. 9 — Typical dissipation characteristics. supply voltage. 




INPUTS 


V DD 

Vss 


T 

Vss 


NOTE: 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH V DD ANO V SS - 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
v dd orv ss . 


92CS-27402 

Fig. 1 1 — Quiescent-device-current test circuit. Fig. 12 — Noise-immunity test circuit. Fig. 13 — Input-leakage-current test circuit. 
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CD4007A Types 


COS/MOS 

Dual Complementary 
Pair Plus Inverter 

The RCA-CD4007A types are comprised of 
three n-channel and three p-channel enhance- 
ment-type MOS transistors. The transistor 
elements are accessible through the package 
terminals to provide a convenient means for 
constructing the various typical circuits as 
shown in Fig. 2. 

More complex functions are possible using 
multiple packages. Numbers shown in paren- 
theses indicate terminals that are connected 
together to form the various configurations ■ 
listed. 

MAXIMUM RATINGS, Absolute-Maximum Values: 


These types are supplied in 14-lead her- 
metic dual-in-line ceramic packages (D and 
F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

Features: 

■ Medium-speed operation. . . . 

tpHL = tpLH = 20 ns (typ.) at Cl = 15 pF, 

+ V DD = 10 V 

Low "high" and "low" output impedance. . 
500 « (typ.) at V D D ~ Vss = 10 V 
Quiescent current specified to 15 V 
Maximum input leakage current of 1 /iA 
at 15 V (full package-temperature range) 

1-V noise margin (full package-temper- 
ature range) 


STORAGE-TEMPERATURE RANGE <T $tg ) -65 to +150°C 

OPERATING-TEMPERATURE RANGE <T A ) 

PACKAGE TYPES D. F. H -55 to +125 °C 

PACKAGE TYPE E -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE. ( V D D ) 

(Voltages referenced to Vgg Terminal) —0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (Pp) 

FOR T a = -40 to +60°C (PACKAGE TYPE E ) 500 mW 

FOR T a = +60 to +85°C (PACKAGE TYPE E ) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D, F ) 500 mW 

FOR T a = +100 to + 1 25°C (PACKAGE TYPES D. F ) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 ± 1 /32 inch ( 1 .59 ± 0 79 mm) from ca«e for 10 s max +265°C 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 



LIMITS 


CHARACTERISTIC 

D,F,H 

Packages 

E 

Package 

UNITS 


Min. 

Max. 

Min. 

Max. 


Supply-Voltage Range (For T/\ = Full 
Package Temperature Range) 

3 

12 

3 

12 

V 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r , t f = 20 ns, C L = 15 pF, 

R l = 200 k£2 





LIMITS 


CHARACTERISTIC 

TEST CONDITIONS 

D,F,H 



E 


UNITS 



VDD 

Packages 

Package 




(V) 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Propagation Delay 
Time; 

tPLH. tPHL 

. 

5 

- 

35 

60 

- 

35 

75 

ns 


10 


20 

40 


20 

50 

Transition Time; 


5 

- 

50 

75 


50 

100 


tTHL, tTLH 


10 

- 

30 

40 


30 

50 


Average Input 
Capacitance, C| 

Any Input 

- 

5 

- 


5 


pF 



7 4 9 


92CS- 25035 

Terminal No. 14 — Vqq 
T erminal No. 7 — Vgs 

CD4007A 

SCHEMATIC DIAGRAM 



NETWORK 


Applications: 

■ Extremely high-input impedance amplifiers 

■ Shapers 

■ Inverters 

■ Threshold detector 

■ Linear amplifiers 


IS 

12.5 

>° 

" 10 

£ 

i 5 

2.5 





AMBIENT TEMPERATURE 
f r A * -ZS'C 

■■■■■■■■ 
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m± 
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1 

1 


f 
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:i 

99 

mu 

n 
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0 2.5 5 7.5 10 12 5 15 


Fig. 1 — Minimum and maximum voltage-transfer 
] characteristics for inverter. 


15 

i 

ENT 

TEMPERATURE (T A ) 
;JsUPPLY VOLTS (V 

25*C ^ j-Jjl 1 


- 12.5 

0 
> 

2 io 

1 

I 75 

1 


1 

1 


12 5 d 

E 

10 .£ 

a 

< 

75 5 
I 

° 5 

2.5 

■it 

S 

II 

1 

- - t - TERM. 3~a 6 TO GND. 

5 | 

2 5 

0 

:S 

mk 

2.5 

5 7 

.5 1C 

NPUT VO 

1 12.5 15 

,LTS<V l' 92CS - 1 71 



Fig. 2— Typical current and voltage-transfer 
characteristics for inverter. 
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C04007A Types 


STATIC ELECTRICAL CHARACTERISTICS 


[AMBIENT TEMPERATURE (T a |. 23 *C : 


Characteristic 


Quiescent Device — 
Current: — 

l[_ Max. — 
Output Voltage 

Low Level 

v OL 

High Level — 

VQH ~ 

Noise Immunity: 
Inputs Low -r—r 

VNL • 

Inputs High 1 .4 
VNH 2,8 

Noise Margin: . 

. . 4.5 

Inputs Low — — 

VNML 

Inputs High 0.5 
VNMH 1 


Limits at Indicated Temperatures (°C) 
D,F,H Packages I E Package 


o 

> 

V|N 

O 

O 

> 

-55 

+25 

+125 

-40 | +25 | +85 | 

(V) 

(V) 

(V) 


Typ. 

Limit 


Typ. 

Limit 

- 

- 

5 

0.05 

0.001 

0.05 

3 

0.5 0.005 

0.5 15 

- 

- 

10 

0.1 

0.001 

0.1 

6 

1 0.005 

1 30 

- 

- 

15 

2 

0.02 

2 

40 

50 0.5 

50 500 

_ 

5 

5 



OTyp.; 

0.05 Max. 


- 

10 

10 

l 


0 Typ.; 

0.05 Max. 



4.95 Min.; 5 Typ. 

9.95 Min.; 10 Typ, 

1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 

1 .5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 


Output Drive 
Current: 
N-Channel 
(Sink) 

0.4* 

V| = 

5 

0.75 1 0.6 0.4 0.35 1 0.3 0.24 

IqN Min. 

0.5 

V DD 

10 

1.6 2.5 1.3 0.95 1.2 2.5 1 0.8 

P-Channel 





(Source): 

2.5* 

V|= 

5 

-1.75 -4 -1.4 -1 -1.3 -4 -1.1 -0.9 

IqP Min. 

9.5 

VDD 

10 

-1.35 -2.5 -1.1 -0.75 -0.65 -2.5 -0.55 -0.45 

Input Leakage 





Current: 

Any Input 


IlL, IlH 

u 

l_i 

15 

±10~5 Typ., ±1 Max. 


A- SINGLE INPUT ONLyI 
B-TWO INPUTS ONLY J 
C- THREE INPUTS 


I SUPPLY VOLTS I N other inputs 

j i6| ( Vdd> • is switches to v od 


. 3 — Typical voltage-transfer characteristics 
for NAND gate. 


AMBIENT TEMPERATURE ( T A ) • 23*C Bffi 


~o " m navoLh ( Vpp > • is [jp 


■ frrfr rrf a -single input only[ 

B- TWO INPUTS ONLY J 

::: TT : :: C - three inputs 
4[.ii iii N OTHER inputs 
::: ::: SWITCHED TO GROUND 


0 2.5 5 7.5 10 12.5 15 

INPUT VOLTS (Vj) 

Fig. 4 — Typical voltage-transfer characteristics 
for NOR gate. 


^Maximum noise-free low-level bipolar output voltage. ^Minimum noise-free high-level bipolar output voltage. 




[AMBIENT TEMPERATURE (T A I . 25 *C; [ 
TYPICAL TEMPERATURE COEFFICIENT J j 
FOR I 0 • - 0 3 % / *C Zt-Z 


; [GATE - TO - SOURCE VOLTS (V C c) ' 


] GATE - TO - SOURCE VOLTS (v^.-isp 


■m ■■■■■■■■■■■ 


HanmaMN 
■■aliyaaiiiaiaaa 



ISSSSSSiSSSlSiS!!! 


Fig. 5 — Minimum output p-channel drain 
characteristics. 


- GATE - TO - SOURCE VOLTS (V GS ) ■ 15 -j- 


DRAIN - TO - SOURCE VOLTS (V os ) 

Fig. 8 — Typical output n-channel drain 
characteristics. 


Fig. 6 — Typical output p-channel drain 
characteristics. 

. AMBIENT TEMPERATURE IT* W5*c 
SUPPLY VOLTAGE 'III 

15 rffri+taJ v °°’ '/ 5 v ::: : : 7:: }: :fr rrrr rrrr t 





• ♦ » 4 














• • • I 



ill 

i 

:::i 

m:; 


ill 

1 

mi: 

LiiiL 

it 


Fig. 7 — Minimum output n-channel drain 
characteristics. 

[ambient TEMPERATURE (T a > • 25*C j-ff - 

S TYPICAL TEMPERATURE COEFFICIENT FOR - 

| |5C ALL VALUES OF Vqo‘0 5%/*C tlZHZlllZV. 


*111 


I 11# 


in;;!! ! 


0 5 .0 .5 

INPUT VOLTAGE (VjJ— V 

Fig. 9 - Typical voltage-transfer characteristics as a 
function of temperature. 


Fig. 10 — Typical propagation-delay time vs. load 
capacitance. 
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CD4007A Types 



Fig. 11— Typical transition time vs. 
load capacitance. 


Fig. 12 — Maximum propagation-delay time 
vs. supply voltage. 



I0 2 I0 3 I0 4 to 5 10® K > 7 

INPUT FREQUENCY (t|) -Hi 92CS I 


Fig. 13 — Typical dissipation characteristics. 



(14,2,11); (8,13); 

(1,5); (7,4,9) •gzT^Vv-o* (13,2); (1,11); 

(12,5,8); (7,4,9) 




(1,12,13); (2,14,11); 
(4,8); (5,9) 


a) Triple Inverters 



d) Tree (Relay) Logic 


b) 3-Input NOR Gate 


c) 3-Input NAND Gate 


(6,3,10); (8.5,12); 
(11,14); (7,4,9) 



*5S 


e) High Sink-Current Driver 


(6,3,10); (13.1,12); 
(14,2,11); (7,9) 


V DD 



f) High Source-Current Driver 



(6,3,10); (14,2,11); 
(7,4,9); (13,8,1,5,12) 


g) High Sink- and Source-Current Driver 



(11,4); (8,13,10); 

(6,3) 

h) Dual Bi-Directional Transmission Gating 


Fig. 14 — Sample COS/MOS logic circuit arrangements using type CD4007A. 



Fig. 15 — Noise-immunity test circuit. Fig. 16 — Quiescent-device-current test circuit Fig. 17 — Input-leakage-current test circuit 
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CD4008A Types 


COS/MOS 4-Bit Full Adder 


Features: 


With Parallel Carry Out 

The RCA-CD4008A types consist of four 
full-adder stages with fast look-ahead carry 
provision from stage to stage. Circuitry is in- 
cluded to provide a fast "parallel-carry-out" 
bit to permit high-speed operation in arith- 
metic sections using several CD4008A's. 
CD4008A inputs include the four sets of bits 
to be added, A-j to A 4 and B-| to B 4 , in ad- 
dition to the "Carry In" bit from a previous 
section. CD4008A outputs include the four 
sum bits. Si and S 4 , in addition to the high- 
speed "parallel-carry-out" which may be 
utilized at a succeeding CD4008A section. 

These types are supplied in 16-lead her- 
metic dual-in-line ceramic packages (D and 
F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

STATIC ELECTRICAL CHARACTERISTICS 


Applications 

■ Binary addition/arithmetic units 


■ 4 sum outputs plus parallel look-ahead carry-output 

■ Quiescent current specified to 15 V 

■ Maximum input leakage of 1 pA at 15 V 
(full package-temperature range) 

■ 1-V. noise margin (full package-temperature 
range) 


MAXIMUM RATINGS, Absolute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (T s tg> -65 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D, F, H -55 to +125°C 

PACKAGE TYPE E -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, <V DD ) 

(Voltages referenced to Vgs Terminal): —0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P D ): 

FOR T a = -40 to +60°C (PACKAGE TYPE E) 500 mW 

FOR T a = +60 to +85°C (PACKAGE TYPE E ) Derate Linearly at 12 mW/°C to 200 mW 

FOR T a = -55 to +100°C (PACKAGE TYPES D, F ) 500 mW 

FOR T A = +100 to +125°C (PACKAGE TYPES D.F) . . .Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ±0.79 mm) from case for 10 s max +265°C 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) | 

Units 

D, F,H Packages 

E Package 

VO 

(V) 

V|N 

(V) 

VDD 

(V) 

-55 

+25 

+125 

-40 

+25 

+85 

Typ. 

Limit 

Typ. 

Limit 

Quiescent Device 
Current ,! l Max. 

- 

- 

5 

5 

0.3 

5 

300 

50 

0.5 

50 

700 

ma 

- 

- 

10 

10 

0.5 

10 

600 

500 

1 

100 

1400 

- 

- 

15 

50 

1 

50 

2000 

500 

5 

500 

5000 

Output Voltage: 
Low-Level, 

VOL 

- 

0,5 

5 

0 Typ.; 0.05 Max. 

V 

- 

0,10 

10 

0 Typ.; 0.05 Max. 

High Level, 
v OH 

- 

0,5 

5 

4.95 Min.; 5 Typ. 

- 

0,10 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 

VNL 

4.2 

- 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High, 

VNH 

0.8 

- 

5 

1.5 Min.; 2.25 Typ. 

1 

- 

10 

3 Min.; 4.5 Typ. 



- 

5 

1 Min. 


H 

- 

19 

1 Min. 


0.5 

- 

m 

1 Min. 

1 

- 

Ed 

1 Min. 


B 


_ 

B 

IB 

BPS 

[ffl 

0.175 


eg 

0.13 

0.105 


D 


- 

IB 


IS 

HU 

Hflcl 

ill 

IS 

0.5 

0.4 

B 

B 

- 

B 

HU 

C3 


HBB 

0.009 


0.007 

0.005 

B 

B 

- 

B 




0.175 

0.24 


0.2 

0.16 


B 

PEI 

- 

5 

-0.31 

0.5 

-0.25 

-0.175 

-0.155 

- 0.5 

-0.13 

-0.105 

B 


- 

Ed 

BE cl 

in 


K3E61 

KB91 

BH 

K3E 1 


▲ 

m 

- 

n 


BflEl 

mm 

M>i»y 

hums! 

EH 

ffiT iri 

BiKTI 

A 

y 

- 

Ifil 

B3ES 

EH 

BBS 

CffiH 

ESI 

WEI 


EE1 

Input Leakage 
Current, 

1 1 Lr l|H Max. 

Any 

Input 

15 

±10“ 5 Typ.; ±1 Max. 

pA 


* Carry Output A Sum Output 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating 
conditions should be selected so that opera- 
tion is always within the following ranges. 


Characteristic 

Min. 

Max. 

Units 

Supply-Voltage Range 
(Ta= Full Package- 
Temp. Range) 

3 

12 

V 


B 40- 

A 4Qi- 


B 30- 


B 20 “ ’ 
* 5 

A 2Ch~ 


a,c£ 

c,c£ 


V DD ? 16 
V S S = B 


~^O C 0 


PO $ 4 


SUM -Q S 3 


C3 


SUM U^O S 2 


nr 2 


SUM p^O S l 


*ALL INPUTS ARE \ 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


V SS 


Fig. 1 


92CS- 25077R2 

- CD4008A logic diagram. 


TRUTH TABLE 




Ci 

0 

0 

SUM 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

1 

0 

1 

0 

0 

0 

1 

0 

1 

1 

0 

1 

1 

0 

0 

1 

1 

1 

0 

1 

1 

1 

1 

1 
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CD4008A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C; Input t r , tf = 20 ns, C L = 15 pF, 

R[_ = 200 Kft 


“ AMBIENT TEMPERATURE (T A ) *25 *C 

p TYPICAL TEMPERATURE COEFFICIENT 

>. . 600 FOR ALL VALUES OF V 00 "0 3%/*C 


CHARACTERISTIC 


D,F,H 

Packages 






































CD 4009 A, CD 4010 A Types 


COS/MOS 

Hex Buffers/Converters 

Inverting Type: CD4009A 
Non-Inverting Type: CD4010A 


The RCA-CD4009A and CD4010A Hex 
Buffer/Converters may be used as COS/MOS 
to TTL or DTL logic-level converters or 
COS/MOS high sink-current drivers. 

The CD4049A and CD4050A are preferred 
hex buffer replacements for the CD4009A 
and CD4010A, respectively, in all applica- 
tions except multiplexers. For applications 
not requiring high sink current or voltage 
conversion, the CD4069B Hex Inverter is 
recommended. 

These types are supplied in 1 6-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 1 6-lead ceramic flat package 
(K suffix), and in chip form (H suffix). 



Features: 

■ Quiescent current specified to 15 V 

■ Maximum input leakage of 1 juA at 15 V 
(full package-temperature range) 

■ High sink current for driving 2 TTL loads 

■ High-to-low level logic conversion 

Applications: 

■ COS/MOS to DTL/TTL hex converter 

■ COS/MOS current “sink" or "source" driver 

■ COS/MOS high-to-low logic-level converter 

■ Multiplexer — 1 to 6 or 6 to 1 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

Min. j Max. 

UNITS 

Supply-Voltage Range (For T A = Full Package- 
Temperature Range : Vqq , Vqq ) 

3 

12 

V 

Input Voltage Range (Vj) 

vcc* 

12 

V 


* The CD4009 and CD4010 have high-to-low level voltage conversion capability but not low-to-high level, 
therefore it is recommended that Vqq ^ V | ^ Vqc • 


CD4010A 

Fig. 1 — Logic diagrams. 


| AMBIENT TEMPERATURE (TaI'ES'CII 


V| V ° 
o— {>-o 



■■■■■■■■■■■ ■■ 


Mim 


Fig. 2 — Minimum & maximum voltage transfer 
characteristics — CD4009A. 
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Fig. 3— Typical voltage transfer characteristics 
as function of temp. — CD4009A. 
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Fig. 5 - Minimum & maximum voltage transfer Fig. 6 - Minimum & maximum voltage transfer 
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CD4009A, CD4010A Types 


STATIC ELECTRICAL CHARACTERISTICS 




























CD4009A, CD4010A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C; Input t r , tf = 20 ns. Cl = 15 pF, 
Rl = 200 K ft 


CHARACTERISTIC 

CONDITION 

LIMIT 

UNITS 

VDD 

(V) 

V| 

(V) 

V CC 

(V) 

Typ. 

Max. 

D, F, H Packages 


Propagation Delay Time: 

Low-to-High, tp|_H 

5 

5 

5 

50. 

80 

ns 

10 

10 

10 

25 

55 

10 

10 

5 

15 

30 

High-to-Low, tpf-jL 

5 

5 

5 

15 

55 

10 

10 

10 

10 

30 

10 

10 

5 

10 

25 

Transition Time: 

Low-to-High, tjLH 

5 

5 

5 

80 

125 

ns 

10 

10 

10 

50 

100 

High-to-Low, tjpjL 

5 

5 

5 

20 

45 

10 

10 

10 

16 

40 

Input Capacitance, C| 

CD4009A 

- 

- 

- 

15 

- 

PF 

CD4010A 

- 

- 

- 

5 

- 

E Package 

Propagation Delay Time: 

Low-to-high, tpLH 

5 

5 

5 

50 

100 

ns 

10 

10 

10 

25 

70 

10 

10 

5 

15 

40 

High-to-Low, tpj_j 

5 

5 

5 

15 

70 

10 

10 

10 

10 

40 

10 

10 

5 

10 

35 

Transition Time: 

Low-to-High, tpj_n 

5 

5 

5 

80 

160 

ns 

10 

10 

10 

50 

120 

High-to-Low, t-j-f_| j_ 

5 

5 

5 

20 

60 

10 

10 

10 

16 

50 

Input Capacitance, C| 

CD4009A 

- 

- 

- 

15 

- 

pF 

CD4010A 

- 

- 

- 

5 

- 


1 500 

5 

m 400 

2 

|300 

< 

*- 200 

i 100 

±J 

AMBIENT TEMPERATURE IT A 1- 25*C i::i: 
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Fig. 16 — Typical low-to-high level transition time 



Fig. 17 — Maximum propagation delay time vs. 


vs. Ci_. 


V DD - CD4009A. 



Fig. 13 — Typical high-to-low level propagation 


delay time vs. Cj_ ( driving TTL, DTL). 



Fig. 14— Typical low-to-high level propagation 
delay time vs. C[_ (driving TTL, DTL) 
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Fig. 18— Typical dissipation characteristics. 
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CD4011A, CD4012A, CD4023A Types 


COS/MOS NAND Gates 

Quad 2 Input — CD401 1 A 
Dual 4 Input — CD4012A 
Triple 3 Input — CD4023A 

The RCA-CD4011A, CD4012A, and CD- 
4023A NAND gates provide the system 
designer with direct implementation of the 
NAND function and supplement the existing 
family of COS/MOS gates. 

These types are supplied in 14-lead her- 
metic dual-in-line ceramic packages (D and 
F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Features: 

■ Quiescent current specified to 15 V 

■ Maximum input leakage of 1 juA at 15 V 
(full package-temperature range) 

■ 1-V noise margin (full package-temperature 
range) 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating 
conditions should be selected so that opera- 
tion is always within the following ranges: 


Characteristic 

Min. 

Max. 

Units 

Supply Voltage Range 
(over full package 
temperature range) 

3 

12 

V 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T s tg) -65 to +150°C 

OPERATING-TEMPERATURE RANGE <T A ): 

PACKAGE TYPES D, F, H -55 to +125°C 

PACKAGE TYPE E -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to V§s Terminal): —0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P D ): 

FOR T A = -40 to +60°C (PACKAGE TYPE E ) 500 mW 

FOR T A = +60 to +85°C (PACKAGE TYPE E ) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D, F) 500 mW 

FOR T A = +100 to +125°C (PACKAGE TYPES D, F) . . .Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265°C 




Fig. 2 — Minimum & maximum voltage transfer 
characteristics. 


Fig. 3 — Typical voltage transfer characteristics 
as a function of temperature. 



CD4011A 



92CS-24759 


CD4012A 



CD4023AH 

Fig. 1 — Functional diagrams. 



ALL INPUTS ARE PROTECTED BY 
COS/MOS PROTECTION NETWORK. 


92CS-22887RI 



7.5 10 12.5 15 

INPUT VOLTS (Vj) „CS-.7.MR. 


Fig. 4 — Typical multiple input switching tepnsfer 
characteristics for CD4012A. 



Fig. 5 — Typical current & voltage transfer 


characteristics. 



Fig. 6 — Typical n-channel drain characteristics. 
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CD4011A, CD4012A, CD4023A Types 


STATIC ELECTRICAL CHARACTERISTICS 


Conditions 


DRAIN- TO- SOURCE VOLTAGE <V 0S >- 


Characteristic 


Limits at Indicated Temperatures ( C) 


D,F,H Packages E Package 


Vo V IN VDD _ 55 «5 +12g _ 40 

(V) (V) (V) Tvp. Limit 


Quiescent Device 
Current, l|_ Max. 


■KK9E&3S 
lEEjEEBBEB 



P-Channel 
(Source), 
IqP Min. 
All Types 


Input Leakage 
Current, 

•lU { \H 
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Fig. 10 — Minimum p-channel drain 
characteristics. 
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Fig. 11 — Typical low- to-high level propagation 
delay time vs. Cj_. 



LOAD CAPACITANCE <C,>— pF 


Fig. 12 — Typical high-to-low level propagation 
delay time vs. C[_ — CD401 1A, & 
CD4023A. 





































































CD4011 A, CD4012A, CD4023A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, Cl = 15 pF, Input t,, tf-20 ns, 

R L ■ 200 Kl2 


CHARACTERISTICS 

TEST 

LIMITS 

UNITS 

CONDITIONS 

D.F.H 

Packages 

E 

Package 


VDD 

(V) 

Typ. 

Max. 

Typ. 

Max. 

Propagation Delay Time: 
Low-to-High Level, tpLH 


5 

50 

75 

50 

100 

ns 

10 


40 

25 

50 

High-to-Low Level, tp|_| |_ 

CD401 1A and CD4023A 


5 

iiin 

75 

50 

100 

ns 



25 

40 

25 

50 

CD4012A 


B 

100 


100 




m 

50 

B 



Transition Time: 

Low-to-High Level, tjLH 


5 

E9 

100 

75 

125 

ns 



B 

60 

40 

75 

High-to-Low Level, tyni_ 

CD401 1A and CD4023A 


5 

75 

125 



ns 



!l!!9 

76 

50 


CD4012A 


5 


375 



ns 




200 

125 

250 

Input Capacitance, C| 

Any Input 

5 

- 

5 

- 

PF 



Fig. 13 — Typical high-to-low level propagation 
delay time vs. Cf_ — CD40 12A. 



Fig. 14 — Typical low-to-high transition time vs. 



Fig. 15— Typical high-to-low level transition 

time vs. C L - CD401 1A & CD4023A. 



Fig. 16— Typical high-to-low level transition time 


vs. C L - CD4012A. 



Fig.- 17 — Minimum propagation delay 
time vs. Vqq. 



Big. 18 — Typical dissipation characteristics. 


v oo 





Fig. 19 - Quiescent device current 
test circuit. 


Fig. 20 — Noise immunity 
test circuit. 


Fig. 21 — Input leakage current 
test circuit. 
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CD4013A Types 


Dual D’-Type Flip-Flop 


The RCA-CD401 3A consists of two identical, 
independent data-type flip-flops. Each flip- 
flop has independent data, set, reset, and 
clock inputs, and Q and Q outputs. These 
devices can be used for shift register appli- 
cations, and by connecting Q output to the 
data input,* for counter and toggle applica- 
tions. The logic level present at the D input 
is transferred to the Q output during the 
positive-going transition of the clock pulse. 


Setting or resetting is independent of the 
clock and is accomplished by a high level 
on the set (with low-level on reset) or reset 
(with low-level on set) line, respectively. 
These types are supplied in 14-lead her- 
metic dual-in-line ceramic packages (D and 
F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T $tg ) -65 to +150°C 

OPERATING-TEMPERATURE RANGE ( T A ) : 

PACKAGE TYPES D, F, H -55 to +125 °C 

PACKAGE TYPE! E -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE. (Vqq) 

(Voltages referenced to V SS Terminal) — 0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (Pp): 

FOR T a = -40 to +60°C (PACKAGE TYPE E ) 500 mW 

FOR T a = +60 to +85°C (PACKAGE TYPE E ) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D. F) 500 mW 

FOR T a = +100 to +125°C (PACKAGE TYPES D, F) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 



Features: 

■ Set-Reset capability 

■ Static flip-flop operation — retains state indefinitely 
with clock level either "high" or "low" 

■ Medium-speed operation - 10 MHz (typ.) clock 
toggle rate at 10 V 

■ Quiescent current specified to 15 V 

■ Maximum input leakage of 1 (iA at 15 V 
(full package-temperature range) 

■ 1-V noise margin (full package-temperature 
range) 


Applications: 

■ Registers, counters, control circuits 



THUTX TABLE 



LOGIC O • LOW 
LOGIC I • HIGH 

A • LEVEL CHANGE 
X ■ DON'T CARE 
N(N)> FFI/FF2 TERMINAL 
ASSIGNMENTS 



NETWORK 


92SS- 4386R? 


Fig. 1 - Logic diagram and truth table for CD4013A (one of two identical flip flops). 



Fig.2 — Typical n-channel drain characteristics. 



Fig. 3 — Typical p-channef drain characteristics. 
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CD4013A Types 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted: 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges — 


f^GATE- TO -SOURCE VOLTS ( V G s> ‘ 15 -t* f 


CHARACTERISTIC 


D,F,H 

Packages 


"T yr Tt ZX ■ TTTt ' CERAMIC PACKAGES — rttT 
T f ' f ' ^ - * '‘PLASTIC PACKAGES---* ♦ ♦ f- 



(V) 

Min. 

Max. 

Min. 

Max. 

Supply-Voltage Range 






(For T A = Full Package 

- 

3 

12 

3 

12 V 

Temperature Range) 








5 

40 

_ 

50 

_ 

Data Setup Time 

*s 

10 

20 

- 

25 

_ ns 



5 

200 

_ 

500 

_ 

Clock Pulse Width 

tw 

10 

80 

- 

100 

ns 

Clock Input 


5 


2.5 


1 MHz 

Frequency 

^CL 

10 

dc 

7 

dc 

5 

1 Clock Rise or Fall 

5 

15 


15 





5 

- 

DD 


0 2.5 5 7.5 10 12.5 15 

DRAIN — TO — SOURCE VOLTS (V DS ) 

Fig. 4 — Minimum n-channel drain characteristics. 
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CD4013A Types 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) j 

Units 

D, F,H Packages 

E Package 

v 0 

(V) 

V|N 

(V) 

VDD 

(V) 

-55 

+25 

+125 

-40 

+25 

+85 

Typ. 

Limit 

EBB 

mill 

Quiescent Device 

Current, 

lL Max. 

- 

- 

5 

1 

0.005 

1 

60 

10 


mm 

BKE1| 


- 

- 

10 

2 

0.005 

2 

120 

20 

w * wa 


KETil 

- 

- 

15 

25 

0.5 

25 

1000 

250 

m 


nu 

Output Voltage: 
Low-Level, 

VOL 

_ 

0.5 

5 

0 Typ.; 0.05 Max. 

V 

- 

0.10 

10 

0 Typ.; 0.05 Max. 

High-Level 

VOH 

- 

0.5 

5 

5 Typ.; 4.95 Min. 

- 

0.10 

10 

10 Typ.; 9.95 Min. 

Noise Immunity: 
Inputs Low, 

vnl 

4.2 

_ 

5 

2.25 Typ.; 1.5 Min. 

V 

9 

- 

10 

4.5 Typ.; 3 Min. 

Inputs High 

vnh 

0.8 

- 

5 

2.25 Typ.; 1.5 Min. 

1 

- 

10 

4.5 Typ.; 3 Min. 

Noise Margin: 
Inputs Low, 

Vnml 

4.5 

_ 

5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High, 

vnmh 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 
Current: 
N-Channel 
(Sink) 

1 qN Min. 

0.5 


5 

0.65 

1 

0.5 

0.35 

0.35 

i 

0.3 

0.24 

mA 

0.5 

" 

10 

1.25 

2.5 

1 

0.75 

0.72 

2.5 

0.6 

0.5 

P-Channel 

(Source) 

IqP Min. 

4.5 

- 

5 

-0.31 

-0.5 

-0.25 

-0.175 

-0.17 

-0.5 

-0.14 

-0.12 

9.5 

- 

10 

-0.8 

-1.3 

-0.65 

-0.45 

-0.4 

-1.3 

-0.33 

-0.27 

Input Leakage 
Current, 

■lL' 1 IH 

Any 

Input 

15 

±10~ 5 Typ.;±1 Max. 

pA 



Fig. 8 — Typical maximum dock input 
frequency vs. Vqq- 
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Fig. 9 — Typical dissipation characteristics. 



V D0 

MI>* 

Vss 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V 0D ANO V ss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
VqD OR V ss - 


92CS-27402 



Fig. 10 — Noise immunity test circuit. 


Fig. 11 — Input leakage test circuit. 


Fig. 12 — Quiescent device-current test circuit. 







CD4014A Types 


COS/MOS 8-Stage 
Static Shift Register 

Synchronous Parallel or 
Serial Input/Serial Output 


RECOMMENDED OPERATING CONDITIONS at T A = 25 U C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

§ > 

> ~ 

LIMITS 

UNITS 

D,F,H 

Packages 

£ 

Package 

Min. 

Max. 

Min. 

Max. 

Supply-Voltage Range (For T A = Full 
Package-Temperature Range) 


3 

12 

3 

1? 

V 

Data Setup Time, t§ 

5 

10 

350 

80 

- 

500 

100 

- 

ns 

Clock Pulse Width, % 

5 

10 

500 

175 

_ 

830 

200 

_ 

ns 

Clock Input Frequency, fpL 

5 

10 

dc 

dc 

1 

3 

dc 

dc 

0.6 

2.5 

MHz 

Clock Rise and Fall Time, t r CL, tfCL* 

5 

10 

- 

15 

6 

- 

15 

__1_J 

ps 


* If more than one unit is cascaded t r CL should be made less than or equal to the sum of the transition time and 
the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 

STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) j 

Units 

D, F,H Packages 

£ Package 

Vo 

(V) 

V|N 

(V) 

VDD 

(V) 

-55 

+25 

+125 

-40 

+25 

+85 

Typ. 

Limit 

Typ. 

Limit 


Quiescent Device 
Current lj_ Max. 

- 

- 

5 

5 

0.5 

5 

300 

50 

0.5 

50 

700 

pA 

- 

- 

10 

10 

1 

10 

600 

100 

1 

100 

o 

o 

- 

- 

15 

50 

1 

50 

2000 

500 

5 

500 

5000 

Output Voltage: 
Low-Level, 

VOL 

- 

5 

5 

0 Typ.; 0.05 Max. 

V 

- 

10 

10 

0 Typ.; 0.05 Max. 

High Level 

VOH 

- 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 

VNL 

4.2 

— 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 

V N H 

0.8 

- 

5 

1.5 Min.; 2.25 Typ. 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 
Inputs Low, 
VNML 

4.5 

- 

5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High, 
VNMH 

0.5 

- 

5 

1 Min. 

i 

- 

10 

1 Min. 

Output Drive 
Current: 
n-Channel 
(Sink), 
l D N Min. 

0.5 

- 

5 

0.15 

0.3 

0.12 

0.085 

0.072 

0.3 

0.06 

0.05 

mA 

0.5 

- 

10 

0.31 

0.5 

0.25 

0.175 

0.12 

0.5 

0.1 

0.08 

p-Channel 

(Source): 

IqP Min. 

4.5 

- 

5 

-0.1 

-0.16 

-0.08 

-0.055 

-0.06 

-0.16 

-0.05 

-0.04 

9.5 

_ 

10 

-0.25 

-0.44 

-0.20 

-0.14 

-0.12 

-0.44 

-°-1 

-0.08 

Input Leakage 
Current, 

Ml, Iih 

Ar 

j y N 

put 

l ^ 

±10~ 5 Typ.; ±1 Max. 

pA 



The RCA-CD4014A types are 8-stage parallel- 
input/serial output registers having common 
CLOCK and PARALLEL/SERIAL CON- 
TROL INPUTS, a single SERIAL DATA 
INPUT, and individual parallel "JAM" IN- 
PUTS to each register stage. Each register 
stage is a D-type, master-slave flip-flop. In 
addition to an output from stage 8, "Q" out- 
puts are also available from stages 6 and 7. 
Parallel as well as serial entry is made into 
the register synchronous with the positive 
clock line transition and under control of 
the PARALLEL/SERIAL CONTROL input. 
When the PARALLEL/SERIAL CONTROL 
input is low, data is serially shifted into the 
8-stage register synchronously with the pos- 
itive transition of the clock line. When the 
PARALLEL/SERIAL CONTROL input is 
high, data is jammed into the 8-stage register 
via the parallel input lines and synchronous 
with the positive transition of the clock line. 
Register expansion using multiple CD4014A 
packages is permitted. 

These types are supplied in 16-lead her- 
metic dual-in-line ceramic packages (D and 
F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


CL a 

SER. 

IN 

PAR SER 
CONTROL 

PI-1 

Pl-n 

Qi 

(INTER- 

NAL) 

Qn 

X 

X 

1 

0 

0 

0 

0 

/ 

X 

1 

1 

0 

1 

0 

/ 

X 

1 

0 

1 

0 

1 

X 

X 

1 

1 

1 

1 

1 


0 

0 

x 

X 

0 

Qn-1 


1 

0 

X 

X 

1 

Q n -1 

X, 

X 

X 

X 

X 

Qi 

Qn 


X - DON'T CARE CASE A = LEVEL CHANGE 
NC = NO CHANGE 
Fig. 1 — Truth table. 
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CD4014A Types 


Features: 

■ Medium speed operation 5 MHz (typ.) clock ■ Quiescent current specified to 15 V 

rate at Vpp — V 55 = 10 V ■ Maximum input leakage current of 1 pA 

■ Fully static operation at 15 V (full package-temperature range) 

■ 8 master-slave flip-flops plus output ■ 1-V noise margin (full package-temper- 
buffering and control gating ature range) 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C / Input t r , tf = 20 ns, C L = 15 pF, 

R L = 200 kO 


Applications: 

■ Synchronous parallel input/serial output 
data queueing 

■ Parallel to serial data conversion 

■ General-purpose register 


10* AMBCNT TEMPERATURE (T A ).23*C 
ALTERNATING "0" 

1 PATTERN 


CHARACTERISTIC 




laSIIBEKSlK^II 


Propagation Delay Time; 
tPLH^PHL 



Maximum Clock Input 
Frequency, f^L 

Minimum Clock Pulse 
Width, t w 

Clock Rise & Fall Time; 
t r CL, tfCL* 


Minimum Data Set Up 
Time, tg 


■■■■■■■■ 

■■■■■■■a 


•BBBBaaaaa bbbbbbbbbbB 


Average Input 
Capacitance, C| 


Any Input 


Fig. 3 — Typical dock input frequency 
vs. supply voltage . 
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CD4015A Types 

COS/MOS Dual 4-Stage Static Shift Register 


With Serial Input/Parallel Output 

The RCA-CD4015A consists of two identical. Resetting of all stages is accomplished by a 

independent, 4-stage serial-input/parallel- high level on the reset line. Register expan- 
output registers. Each register has indepen- s ' on to 8 stages using one CD4015A package, 

dent CLOCK and RESET inputs as well as or to more than 8 stages using additional 

a single serial DATA input. "Q" outputs are CD4015A s is possible, 

available from each of the four stages on These types are supplied in 16-lead her- 

both registers. All register stages are D-type, metic dual-in-line ceramic packages (D and 

master-slave flip-flops. The logic level pre- F suffixes) 16-lead dual-in-line plastic 

. s^a-t-a • , . . . packages (E suffix), 16-lead ceramic flat 

sent at the DATA mput is transferred into p acka = es (K suffix) , and in chlp form (H 

the first register stage and shifted over one suffix), 

stage at each positive-going clock transition. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T $tg ) -65 to +150°C 

OPERATING-TEMPERATURE RANGE <T A ): 

PACKAGE TYPES D, F, H -55to+125°C 

PACKAGE TYPE E -40 to +85° C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgg Terminal) “0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (Pp) 

FOR T a = -40 to + 60°C (PACKAGE TYPE E) 500 mW 

FOR T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12mW/°C to 200 mW 

FOR T a = -55 to + 100°C (PACKAGE TYPES D.F) 500 mW 

FOR T A = + 100 to +125°C (PACKAGE TYPES D, F ) ... .Derate Linearly at 12 mW/° C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES). ... 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.6 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265° C 

RECOMMENDED OPERATING CONDITIONS at T A = 25° C, Except as Noted. 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 


V DD D, F, H E 

( V ) PACKAGES PACKAGE 

MIN. MAX. MIN. MAX. 


Supply-Voltage Range (ForT^= Full 
Package-Temperature Range) 


Data Setup Time, t§ 



V 0D 

7 


— 

t 

CLOCK A — 

reset a — 

- 

STAGE 

-—“2* 

- — Oja 

-- 10 

n«m B 19 


— 






* |4 


STAGE 




— 

°4B 



V 

'SS 

CD4015A 

FUNCTIONAL DIAGRAM 


Features: 

■ Medium speed operation 

5 MHz (typ.) clock rate at V DD 
-V SS = 10V 

■ Fully static operation 

■ 8 master-slave flip-flops plus output 

buffering 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 pA 

at 15 V (full package-temperature 


■ 1-V noise margin (full package-tempera- 

ture range) 

Applications: 

■ Serial-input/parallel-output data queueing 

■ Serial to parallel data conversion 

■ General-purpose register 

TRUTH TABLE 



Ql | Q n (NO CHANGE) 


= LEVEL CHANGE 
X = DON'T CARE CASE 


Fig. 1 - Truth table. 



Clock Rise and Fall Time, t r CL, tfCL 


Clock Reset Pulse Width, tyy 


5 500 
10 175 



*lf more than one unit is cascaded t r CL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 


Fig. 2 — Typical dock input frequency 
vs. supply voltage. 








CD4015A Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTERISTICS 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) ! 

UNITS 

D, F. H PACKAGES 

E PACKAGE 

V 0 

(V) 

V IN 

(V) 

V DD 

(V) 

-55 

+ 25 

+125 

-40 

+25 

+85 

TYP. 

LIMIT 

TYP. 

LIMIT 

Quiescent Device 
Current. 1^ Max. 

- 

- 

5 

5 

0.5 

5 

300 

50 

0.5 

50 

700 

pA 

- 

- 

10 

10 

1 

10 

600 

100 

1 

100 

1400 

- 

- 

15 

50 

1 

50 

2000 

500 

5 

500 

5000 

Output Voltage: 

Low Level. 

V OL 

- 

5 

5 

0 Typ.; 0.05 Max 

V 

- 

10 

10 

0 Typ.; 0.05 Max 

High Level 

V OH 

- 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 

V NL 

4.2 

- 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 

V NH 

0.8 


5 

1.5 Min.; 2.25 Typ. 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 

Inputs Low, 

V NML 

4.5 

- 

5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High, 
V NMH 

0.5 

- 

5 . 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 

Current: 

N-Channel 
(Sink), 
l D N Min. 

0.5 


5 

0.15 

0.3 

0.12 

0.085 

0.072 

0.3 

0.06 

0.05 

mA 

0.5 

- 

10 

0.31 

0.5 

0.25 

0.175 

0.12 

0.5 

0.1 

0.08 

P-Channel 

(Source): 

IpP Min. 

4.5 

_ 

5 

-0.1 

-0.16 

-0.08 

-0.055 

-0.06 

-0.16 

-0.05 

-0.04 

9.5 

- 

10 

-0.25 

-0.44 

-0.20 

-0.14 

-0.12 

-0.44 

-0.1 

-0.08 

Input Leakage 
Current, 

'lL' 'lH 

Ar 

ly Inp 

lUt 

15 

±10"® Typ., ±1 Max. 




9ZCS-I7807 


Fig. 3 .— Typical propagation-delay time 
vs. load capacitance. 



LOAD CAPACITANCE (C L > — pF 


Fig. 4 — Typical transition time vs 
load capacitance. 
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CD4015A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 

at r A = 25° C, Input t r , tf = 20 ns, C/_ * 15 pF, R L = 200 kSl 


CHARACTERISTIC 

TEST 

LIMITS 

UNITS 

CONDITIONS 

D, F, H 
PACKAGES 

E 

PACKAGE 


V DD 

(V) 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

CLOCKED OPERATION 

Propagation Delay 
Time; 

T PLH' t PHL 


5 

- 

300 

750 

- 

300 

1000 

ns 

10 

- 

100 

225 

- 

100 

300 

Transition Time; 

^HL^TLH 


5 

- 

150 

300 

- 

150 

400 

ns 

10 

- 

75 

125 

- 

75 

150 

Minimum Clock Pulse 
Width, t w 


5 

- 

200 

500 

- 

200 

830 

ns 

10 

- 

100 

175 

- 

100 

200 

Clock Rise & Fall 
Time; t f CL, t f CL* 


5 


- 

15 

- 

- 

15 

/IS 

10 

- 

- 

5 

- 

- 

5 

Minimum Data Set- 
up Time, t§ 


5 

- 

100 

350 

- 

100 

500 

ns 

10 

- 

50 

80 


50 

100 

Maximum Clock 

Input Frequency, 

f CL 


5 

1 

2.5 

- 

0.6 

2.5 

- 

MHz 

10 

3 

5 

- 

2.5 

5 

- 

Average Input 
Capacitance, Cj 



- 

5 


- 

5 


pF 

RESET OPERATION 

Propagation Delay 
Time, T PHL 


5 

- 

300 

750 

- 

300 

1000 

ns 

10 

- 

100 

225 

- 

100 

300 

Minimum) 

Reset Pulse Width 

Hi 


5 

- 

200 

500 

- 

200 

830 

ns 

10 

- 

100 

175 

- 

100 

200 


*lf more than one unit is cascaded t f CL should be made less than or equal to the sum of the transition time and 
the fixed propagation delay of the output of the driving stage for the estimated capacitve load. 




NOTE- 

TEST ANY COMBINATION 
OF INPUTS 


Fig. 7 — Noise-immunity test circuit. 



v oo 

Vss 


NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V DD AN0V SS 
CONNECT ALL UNUSED 

INPUTS TO EITHER 

\ V 00 ORV ss 

V S S 


MCWMO? 


Fig. 8 - Input-leakage-current test 
circuit. 



Test performed with the following 
of "1's" and "0's” 


sequence 

Test 
Don't Test 
Don't Test 
Don't Test 
Don't Test 
Don't Test 
Test 
Don't Test 
Test 


Si S 2 S 3 
0 1 0 
0 0 1 
1 0 1 
0 0 0 
1 0 0 
0 0 1 
1 0 1 
0 0 0 
1 0 0 


TERMINAL DIAGRAM 
Top View 



Fig. 9 — Quiescent-device-current 
test circuit. 
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CD4016A Types 


COS/MOS Quad 
Bilateral Switch 

For Transmission or Multiplexing 
of Analog or Digital Signals 

The RCA-CD4016A Series types are quad 
bilateral switches intended for the trans- 
mission or multiplexing of analog or digital 
signals. Each of the four independent bi- 
lateral switches has a single control signal 
input which simultaneously biases both the 
p and n device in a given switch ON or OFF. 
These types are supplied in 14-lead her- 
metic dual-in-line ceramic packages (D and 
F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

Features: 

■ 15-V digital or ± 7.5-V peak-to-peak switching 

■ 280-12 typical ON resistance for 15-V operation 

■ Switch ON resistance matched to within 10 12 
typ. over 15-V signal-input range 

■ High ON/OFF output-voltage ratio: 

65 dB typ. @ f is = 10 kHz, R L = 10 k!2 


■ High degree of linearity: <0.5% distortion 
typ. @f is = 1kHz, V js = 5 Vp.p, 

VdD“ v SS > 1° V, R|_ = 10kl2 

■ Extremely low OFF switch leakage result- 
ing in very low offset current and high ef- 
fective OFF resistance: 

100 pA typ. @ V DD -V SS = 10 V, T a = 25°C 

■ Extremely high control input impedance 
(control circuit isolated from signal circuit: 
10l 2 12typ. 

■ Low crosstalk between switches: 

-50 dB typ. @ fj s = 0.9 MHz, R l = 1 k!2 

■ Matched control-input to signal-output 
capacitance: 

Reduces output signal transients 

■ Frequency response, switch ON = 40 MHz 

(typ.) 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 fiA 
at 15 V (full package-temperature range) 

Applications: 

■ Analog signal switching/multiplexing 

Signal gating ■ Modulator 

Squelch control ■ Demodulator 

Chopper ■ Commutating switch 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following range: 


CHARACTERISTIC 

LIMITS 

UNITS 

Min. 

Max. 

Supply Voltage Range (For T^ = Full Package 
Temperature Range) 

3 

12 

V 


TYPICAL "ON" RESISTANCE CHARACTERISTICS 


CHARAC- 

TERISTIC* 

SUPPLY 

CONDITIONS 

LOAD 

CONDITIONS 

R l = 1k< 2 

R l = 1 0k£ 2 

R l = 100k') j 

V DD 

(V) 

V SS 

(V) 

VALUE 

(<>) 

V is 

(V) 

VALUE 

<<>> 

^is 

(V) 

VALUE 

(<>) 

^is 

(V) 

r on 

+ 15 

0 

200 

^15 

200 

*15 

180 

♦ 15 

200 

0 

200 

0 

200 

0 

R 0 |sj( max > 

+ 15 

0 

300 

*11 

300 

♦ 9.3 

320 

*9.2 

r on 

+ 10 

0 

290 

*10 

250 

*10 

240 

♦ 10 

290 

0 

250 

0 

300 

0 

R Oi\|( ma *-> 

+ 10 

0 

500 

*7.4 

560 

*5.6 

610 

♦ 5.5 

r on 

+ 5 

0 

860 

* 5 

470 

♦ 5 

450 

* 5 

600 

0 

580 

0 

800 

0 

R 0 |\j( max > 

+ 5 

0 

1.7k 

+4.2 

7k 

*2.9 

33k 

♦ 2.7 

r on 

+7.5 

-7.5 

200 

*7.5 

200 

*7.5 

180 

♦ 7.5 

200 

7.5 

200 

7.5 

180 

7.5 

R 0N ( max -> 

+7.5 

7.5 

290 

•0.25 

280 

•25 

400 

*0.25 

r on 

+ 5 

- 5 

260 

* 5 

250 

* 5 

240 

+ 5 

310 

- 5 

250 

5 

240 

- 5 

R ON (max ) 

+ 5 

- 5 

600 

•0.25 

580 

*0.25 

760 

*0.25 

r on 

+2.5 

2.5 

590 

+2.5 

450 

*2.5 

490 

+2.5 

720 

-2.5 

520 

2.5 

520 

-2.5 

R 0 N (max.) 

+2.5 

-2.5 

232k 

*0.25 

300k 

*0.25 

870k 

*0.25 


* Variation from a perfect switch, RqN = 



identical sections. 

■ Digital signal switching/multiplexing 

■ COS/MOS logic implementation 

■ Anaiog-to-digital & digital-to- 
analog conversion 

■ Digital control of frequency, impedance, 
phase, and analog-signal gain 



Fig. 3 — Typ. "ON" characteristics for 1 of 4 

switches with Vqq = +10 V, V 55 = 0 V. 
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CD4016A Types 


ELECTRICAL CHARACTERISTICS (All inputs Vss< V|< Vqd) 


Recommended DC Supply Voltage (Vdd _v SS) . .3 to 15 V) 


Characteristic 

Test Conditions 

All Voltage Values 
are in Volts 

Limits 

Values at -55°C+25°C.+ 125°C Apply to D.F ,H Packages 

Values at -40°C, +25°C+85°C Apply to E Package 

Unit 


Vdd 

(V) 

-55° 

-40° 

+85° 

+125° 

+25°C 

Typ. 

Max. 

Quiescent Device 
Current, II max 
(All switches ON 
or all Switches 

OFF) 

D,F, H Pkgs.' 


5 

0.25 



10 

0.01 

0.25 

pA 

10 

0.5 

- 

- 

20 

0.01 

0.5 

15 

2 

- 

- 

40 

0.01 

2 

E,Y Pkgs. 


5 

- 

0.25 

5 

- 

- 

0.25 

pA 

10 

- 

0.5 

10 

- 

- 

0.5 

15 

- 

2 

20 

- 

- 

2 

Signal Inputs (Vj s ) and Outputs (V os ) | 

ON Resistance, 

Ron 

v c = 

Vdd 

Vss 

Vis 

Typ/Max 

Typ/Max 

Typ/Max 

Typ/Max 

200 

400 

il 

Rl = 10 k£2* 

1 20/360 

130/370 

260/520 

300/600 

+7.5 

-7.5 

+ 7.5 

-7.5 

120/360 

130/370 

260/520 

300/600 

200 

400 

±0.25 

130/775 

160/790 

400/1080 

470/1230 

280 

850 

+5 

-5 

+ 5 

130/600 

150/610 

340/840 

400/960 

250 

660 

-5 

1 30/600 




250 


±0.25 

00 

0 




580 


+15 

0 

+ 15 

120/360 

IWiVcWJ 


nftnr/iundl 

200 


+0.25 

120/360 


UsNTi.-Mil 


200 


+9.3 

150/775 

mom 



300 


+10 

0 

+ 10 

130/600 


KHTC^-TH 


HISIlHi 

ESS 

+0.25 

130/600 

uadjaiSI 

P^ l? f in 


250 

1SS 

+5.6 

8 

0 

00 

VJ 

0 

KWI7JUIIIH 


EH] 


jrJlMlB 

AON Resistance 
Between Any 

2 of 4 Switches 

ARon 

Rl = 10 kS2* 

_ 




10 


1 

+7.5 

-7.5 

±7.5 

+5 

-5 

+ 5 

- 


- 

- 

15 

- 

Sine Wave 

Response 

(Distortion) 

+5 

-5 

5 

p-|>+ 


_ 

■ 

■ 


■ 

1 

Rl = 10 kS2 

f js = 1 kHz 

Frequency Response 
Switch ON 
(Sine-Wave 

Input) 

V DD =+5 -5 

V C =V SS =-5 PP 

- 

- 

- 

- 

40 

- 

mh; 

RL = 1 k<2 

Vos 

20 logioT7” = 

V IS 

-3 dB 

Feedthrough 

Switch OFF 

+5 

-5 

-5 

PP 

- 


1 


1.25 

. 

MH* 

RL" 1 k<2 

20 logio^i - 
-50 dB IS 

Input or Output 
Leakage Current 
Switch OFF 
(Effective OFF 
Resistance) 

Vdd 

< < 
ft n n 

+7.5 


■ 


■ 

±100 

■ 


+7.5 

-7.5 

+5 

-5 

+5 

- 




- 



Qj 



Fig. 4 — Typ. "ON" characteristics for 1 of 4 
switches with Vqq = +5 V, l = 0 V. 



Fig.5 — Typ. "ON" characteristics for 1 of 4 

switches with Vqq - +7.5 V, I/55 = -7.5 17. 



Fig. 6 — Typ. "ON" characteristics for 1 of 4 

switches with Vqq = +5 V, V$s ~ V. 



Fig. 7 — Typ. "ON" characteristics for 1 of 4 

switches with Vqq = +2.5 V, l /$$ = -2.5 V. 
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CD4016A Types 


ELECTRICAL CHARACTERISTICS (Cont'd) . . V S s < V|< V DD ) 

Recommended DC Supply Voltage ( Vqd—Vss) • . 3 to 1 5 V) 


Characteristic 

Test Conditions 

All Voltage Values 
are in Volts 

Limits 

Valuesat -55PC,+25PC.+125°C Apply to D.F. H Packages 

Values at -40PC,+25PC,+85° % C Apply to E Package 

Unit 


VDD 

(V) 

-55° 

-40° 

+85° 

+125° 

+25°C 

Typ. 

Max. 

Crosstalk Between 
Any 2 of 4 

Switches 
(f = -50 dB) 

Vc(A) = V DD = * 5 
Vc(B) = V S s = -5 
Vj s (A) = 5 p-p 
RL=1 k£2 

om V °s< B > 

20l °3'0v-iA)' 
-50 dB 

1 


1 

- 

0.9 

- 

MHz 

Propagation 

Delay (Signal 

Input to 

Signal Output)tpd 

Vc :> 
V ss = GND 
C L = 50 pF 
V js = 10Sq. 
Wave 

t f , t^ = 20 ns 

VDD 

5 





20 

50 

ns 

10 





10 

25 

Capacitance: 

lnput,Cj s 

Output,C os 

Feedthrough,Cj os 

Vdd =+ 5 

v cc =v ss =- 5 





4 


pF 

- 

- 

- 

- 

4 

- 

- 

- 

- 

- 

0.2 

- 

Control (Vq)^ | 

Switch Threshold 
Voltage, Vjh 

Vj s <VDD.Iis=10pA 

VdD-VsS = 15. 10 . 5 

0.7min 

2.9max 

; 

- 

0.2min 

2.4max 

0.5min 

1.5 

2.7 

V 

Input Leakage 
Current, l| l max 

V is <V DD 

VDD 
= 15 

110 5 typ; ±1 max. 

pA 

Crosstalk 
(Control Input 
to Signal Output) 

Vc=10 (Sq.Wave) 
t r ,tf=20 ns IVdd 
R L = 10 kS2 | = 10 

- 

- 

- 

- 

50 

- 

mV 

Turn-On 

Propagation Delay, 
t p dc 

V DD -V SS -10 

v c =10 

(See Fig. 25) 
t r ,tf = 20 ns 
Cl= 15 pF 
R|_= 1 ki2 

Q 

Q in 
> 





20 

40 

ns 

10 





10 

20 

Maximum 

Allowable Control 
Input Repetition 
Rate 

Vdd = 10. 

Vss=GND 

Rl= 1 kii, 

C|_ = 1 5 pF 
Vcc = 10(Sq.Wave) 
t r ,tf - 20 ns 

- 

- 

- 

- 

10 

- 

MHz 

A v. Input 
Capacitance, C| 


- 


- 

- 

5 


pF 


* Limit determined by minimum feasible leakage current measurement for automatic testing. 
A Symmetrical about 0 volts. 

* For all test conditions. 

* All control inputs protected by COS/MOS protection network. 



INPUT SIGNAL FREQUENCY (f, s ) MHl 

92CS- 16070 


Fig. 11 — Typical switch frequency response 
— switch "ON". 


T_T 


92CS-276I0 

Fig. 12 — "OFF" switch input or output 
leakage current test circuit. 



INPUT SIGNAL VOLTS (V| s ) 


Fig.8 — Typ. "ON" characteristics as a function of 
temp, for 1 of 4 switches with Vqq - + 5 V, 
V S S = S V. 



Fig.9 — Typ. feedthru vs. frequency — switch 
"OFF". 



Fig. 10 — Typical crosstalk between switch 
circuits in the same package. 


C T DU V DC 


v sso 

ALU UNUSED TERMINALS ARE 
CONNECTED TO Vss 


Fig. 13 — Test circuit for square-wave 
response. 
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CD4016A Types 



SCALE: X = 0.2 ms/DI V Y = 2.0V/DIV 
VdD = Vc = +7.5V. Vss = 7.5V, Rl = 10KO 
Cl= 15 pF 

f|S = 1 KHz Vjs = 5V p-p 
DISTORTION = 0.2% 

92CS-276I2 

Fig. 14 — Typical sine wave response of Vqq = 
+7.5 V, V S s * ~ 7 - 5 v - 



SCALE: X = 0.2 ms/DIV Y = 2.0 V/DIV 
VqD = Vc = +2.5V. VSS = -2.5V, Rl = 10KO 
C L = 15 pF 

f IS = 1 KHz Vis = 5V p p 
DISTORTION = 3 % 

92CS- 27614 

Fig. 15 — Typical sine wave response of Vqq = 
+2.5 V, V S s = ~2.5 V. 



SCALE. X- 100ns DIV 
Y - 5 0 V DIV 

92CS-276I5 

Fig. 16 — Typical square wave response at 
Vqd ~ Vq = +15 V, Vss ~ Gnd. 



Fig. 17 — Typical square wave response at Vqq 
= Vq = +5 V, Vss ~ Gnd. 


la) 


(b) 


Fig. 18 — Crosstalk -control input to signal output. 



Fig. 19 — Propagation delay time signal input 
(V is) to signal output ( Vqs ). 


Fig. 20 — Max. allowable control-input 
repetition rate. 


Fig.21— Switch threshold voltage. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE <T stg ) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D, F, H -55 to +125 °C 

PACKAGE TYPE E -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgg Terminal ) —0.5 to +1 5 V 

POWER DISSIPATION PER PACKAGE (P D » 

FOR T a = -40 to +60°C (PACKAGE TYPE El 500 mW 

FOR T a = +60 to +85°C (PACKAGE TYPE E ) Derate Linearly at 1 2 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D, F, 1 500 mW 

FOR T a = +100 to + 1 25°C (PACKAGE TYPES D. F, ) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 ± 1/32 inch (1 59 ± 0.79 mm) from case for 10 s max +265°C 


MEASURED ON BOONTON CAPACITANCE 
BRIDGE MODEL 79A (I MHz) 



ALL UNUSED TERMINALS 
ARE CONNECTED TO Vss 


Fig.22- Capacitance C/qs and Cos- 
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CD4017A Types 


COS/MOS Decade 
Counter/Divider 

Plus 10 Decoded Decimal Outputs 

The RCA-CD4017A consists of a 5-stage 
Johnson decade counter and an output de- 
coder which converts the Johnson binary 
code to a decimal number. Inputs include a 
CLOCK, a RESET, and a CLOCK INHIBIT 
signal. 

The decade counter is advanced one count at 
the positive clock signal transition if the 
CLOCK INHIBIT signal is low. Counter ad- 
vancement via the clock line is inhibited 
when the clock INHIBIT signal is high. A 
high reset signal clears the decade counter to 


its zero count. Use of the Johnson decade 
counter configuration permits high speed 
operation, 2-input decimal decode gating, 
and spike-free decoded outputs. Anti-lock 
gating is provided, thus assuring proper 
counting sequence. The 10 decoded outputs 
are normally low and go high only at their 
respective decimal time slot. Each decoded 
output remains high for one full clock cycle. 
A CARRY-OUT (CoUT) signal completes 
one cycle every 10 clock input cycles and is 
used to clock the succeeding decade directly 
in a multi-decade counting chain. 

These types are supplied in 16-lead her- 
metic dual-in-line ceramic packages (D and 
F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) -65to+150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, H -55to+125°C 

PACKAGE TYPE E -40 to + 85° C 

DC SUPPLY-VOLTAGE RANGE (V DD ) 

(Voltages referenced to Vgs Terminal) -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P D ): 

FOR T A = -40 to +60° C (PACKAGE TYPE E ) . 500 mW 

FOR T a = +60 to +85° C (PACKAGE TYPE Ei) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to 100°C (PACKAGE TYPES D.F) ‘ 500 mW 

FOR T a = +100 to +125°C (PACKAGE TYPES D, F.) ... Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR.T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 





— "o"l 
2 .. .. 


CLOCK — 


2 


CLOCK 13 


7 "3" 


INHIBIT 



< 

RESET— 


J0_., 4 " 

l-L_v 

■s 



6 .. .. 

— — "e" 

l 

V„ = 16 


n ;y 


DD 




v ss :e 


CARRY 




OUT 



92CS-25072 R2 

CD4017A 



FUNCTIONAL DIAGRAM 


Features: 

■ Synchronous decade counter plus 10 de- 

coded outputs 

■ Fully static operation 

■ Medium speed operation. . . 

... 5 MHz (typ.) at VDD - Vss * 10 V 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 juA 

at 15 V (full package-temperature range 
range) 

■ 1-V noise margin (full package-tempera- 

ture range) 

Applications: 

■ Decade counter /decimal decode display 

■ Frequency division 

■ Counter control/timers 

■ Divide by N counting 

N = 2 — 10 with one CD4017A and one 
one CD4001A 

N > 10 with multiple CD4017A's 

■ For further application information, see 

ICAN-6166 "COS/MOS MSI Counter 
and Register Design & Applications" 



Fig. 1 — Logic diagram. 


Fig. 2 — Timing diagram. 
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CD4017A Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTERISTICS 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C> ] 

UNITS 

D. F, H PACKAGES 

E PACKAGE 

V 0 

(V) 

V IN 

(V) 

V DD 

(V) 

-55 

+ 25 

+125 

-40 

+25 

+85 

TYP. 

LIMIT 

TYP. 

LIMIT 

Quiescent Device 
Current, lj_ Max. 

- 

- 

5 

5 

0.3 

5 

300 

50 

0.5 

50 

700 

pA 

- 

- 

10 

10 

0.5 

10 

600 

100 

1 

100 

1400 

- 

- 

15 

50 

1 

50 

2000 

500 

5 

500 

5000 

Output Voltage: 
Low-Level, 

V 0 L 

_ 

5 

5 

0 Typ.; 0.05 Max. 

V 

- 

10 

10 

0 Typ.; 0.05 Max. 

High Level 

V 0H 

- 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 

Inputs Low, 

Vnl 

4.2 

- 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 

V N H 

0.8 

- 

5 

1.5 Min.; 2.25 Typ. 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin 

Inputs Low 

V NML 

4.5 

- 

5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High, 

V NMH 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Outpu 

Curr 

N-Ch 

i d n 

Min 

Drive 

snt: 

annel (Sink) 

Decoded 

Outputs 

0.5 


5 

0.06 

0.1 

0.05 

0.035 

0.03 

0.1 

0.025 

0.02 

mA 

0.5 

- 

10 

0.12 

0.4 

0.1 

0.07 

0.085 

0.4 

0.07 

0.055 

Carry 

Output 

0.5 

- 

5 

0.185 

0.4 

0.15 

0.105 

0.095 

0.4 

0.08 

0.065 

0.5 

- 

10 

0.45 

1 

0.35 

0.25 

0.3 

1 

0.25 

0.2 

P-Ch 

' D P 

Min 

annel (Source) 

Decoded 

Outputs 

4.5 

_ 

5 

-0.0375 

-0.075 

-0.03 

-0.021 

-0.018 

-0.075 

-0.015 

-0.012 

9.5 

- 

10 

-0.12 

-0.2 

-0.1 

-0.07 

-0.085 

-0.2 

-0.07 

-0.055 

Carry 

Output' 

4.5 

- 

5 

-0.185 

-0.4 

-0.15 

-0.1 0b 

-0.095 

-0.4 

-0.08 

-0.065 

9.5 

- 

10 

-0.45 

-1 

-0.35 

-0.25 

-0.3 

-1 

-0.24 

-0.20 

Input Leakage 

Current, 

'lL- 'lH 

Any Input 
- | - | 15 

±10 ® Typ., ±1 Max. 

ma 


Vss 


NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V 00 ANOV SS 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
VDO^Vss 


Fig. 10 — Input-leakage-current test circuit. 



Fig. 11 - Noise-immunity test circuit. 



Fig. 12 — Divide by N counter (N ^ 10) with N 
decoded outputs. 


When the Nth decoded output is reached 
(N th clock pulse) the S-R flip flop (con- 
structed from two NOR gates of the 
CD4001A) generates a reset pulse which 
clears the CD4017A to its zero count. At 
this time, if the N th decoded output is 
greater than or equal to 6, the CoUT line 
goes high to clock the next CD4017A 
counter section. The "0" decoded output 
also goes high at this time. Coincidence of 
the clock low and decoded "0" output low 
resets the S-R flip flop to enable the 
CD4017A. If the Nfh decoded output is 
less than 6, the CoUT line will not go high 
and, therefore, cannot be used. In this case 
"0" decoded output may be used to perform 
the clocking function for the next counter. 
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CD4017A Types 


RECOMMENDED OPERATING CONDITIONS at Ta =25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges : 


CHARACTERISTIC 

VDD 

(V) 

LIMITS 

UNITS 

D, F, H 
PACKAGES 

E 

PACKAGE 

MIN. 

MAX. 

MIN. 

MAX. 

Supply Voltage Range (For Ty\=Full 
Package-Temperature Range) 


3 

12 

3 

12 

V 

Clock Inhibit 

Setup Time, ts 

5 

10 

500 

200 

- 

700 

300 

- 

ns 

Clock Pulse Width, tyy 

5 

10 

500 

170 

- 

830 

250 

- 

ns 

Clock Input Frequency, fcL 

5 

10 

dc 

dc 

1 

3 

dc 

dc 

0.6 

2 

MHz 

Clock Rise or Fall Time, t r CL, tfCL 

5 

10 

- 

15 

15 

- 

15 

15 

-- 

Ms 

Reset Pulse Width, tyy 

5 

10 

500 

165 

- 

830 

250 


ns 

Reset Removal Time 

5 

10 

750 

225 

- 

m 

■ 




Fig. 3 — Typical propagation delay time vs. 
Cl for decoded outputs. 



Fig. 4 - Typical propagation delay time vs. Cl 
for carry output. 





Fig. 5 - Typical transition time vs. Cl for 
decoded outputs. 


Fig. 6 — Typical transition time w. Cl for 
carry output. 


Fig. 7 - Typical clock input frequency vs. Vqq. 



Fig. 8 - Typical dissipation characteristics. 




92CS-I79IIRI 


Test performed with the following 
sequence of "1's and "O's" at each switch. 

Si S 2 S 3 St S 2 S 3 


1 1 1 
0 0 0 
0 1 0 
0 0 0 
0 1 0 
0 0 0 


0 

0 

0 

0 

0 

0 

0 


1 0 
0 0 
1 0 
0 0 
1 0 
0 0 
1 0 


Fig. 9 — Quiescent device current test circuit. 
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CD4017A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 


At T a = 25°C, Input t r ,tf = 20 ns, C L = 15 pF, R L = 200 k H 


CHARACTERISTIC 

TEST 

CONDITIONS 

LIMITS 

UNITS 

. 

D, F, H 
PACKAGES 

E 

PACKAGE 


V DD 

(V) 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

CLOCKED OPERATION 

Propagation Delay 

Time; t PHL t PLH 

Carry Out Line 


5 


350 

1000 


350 

1300 

ns 

10 


125 

250 

- 

125 

300 

Decode Out Lines 


5 

- 

500 

1200 

- 

500 

1600 

10 

- 

200 

400 

- 

200 

500 

Transition Time; 

tTHL-tTLH 

Carry Out Line 


5 


100 

300 


100 

350 

ns 

10 

- 

50 

150 

- 

50 

200 

Decode Out Lines 


5 

- 

300 

900 

- 

300 

1200 

10 

_ 

125 

350 

- 

125 

450 

Maximum Clock Input 
Frequency, fcL* 


5 

1 

2.5 

- 

0.6 

2.5 

- 

MHz 

10 

3 

5 

- 

2 

5 

- 

Minimum Clock Pulse 
Width, t w 


5 

- 

200 

500 

- 

200 

830 

ns 

10 

- 

100 

170 

- 

100 

250 

Clock Rise & Fall Time; 
t r CL, t f CL 


5 

- 

- 

15 

- 

- 

15 

MS 

10 

- 

- 

15 

- 

- 

15 

Minimum Clock Inhibit 
Set-Up Time, t s 


5 

- 

175 

500 

- 

175 

700 

ns 

10 

- 

75 

200 

- 

75 

300 

Average Input 

Capacitance, C| 

Any Input 

- 

5 

- 

- 

5 

- 

pF 

RESET OPERATION | 

Propagation Delay 

Time; t P |_j(_ 

To Carry Out Line 


5 


350 

1000 

~ 

350 

1300 

ns 

10 

- 

125 

250 


125 

300 

To Decode Out Lines 


5 

- 

450 

1200 

- 

450 

1600 

10 

- 

200 

400 

- 

200 

500 

Minimum Reset Pulse 
Width, tyy 


5 

- 

200 

500 

- 

200 

830 

ns 

10 

- 

100 

165 

- 

100 

250 

Minimum Reset Removal 
Time 


5 

- 

300 

750 

- 

300 

1000 

ns 

10 

- 

100 

225 

- 

100 

275 


’Measured with respect to carry output line 
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CD4018A Types 


COS/MOS Presettable Divide-By-’N’ Counter 


The RCA-CD4018A types consist of 5 
Johnson-Counter stages, buffered Q outputs 
from each stage, and counter preset control 
gating. CLOCK, RESET, DATA, PRESET 
ENABLE, and 5 individual JAM inputs are 
provided. Divide by 10, 8, 6, 4, or 2 counter 
configurations^ caji be_ implemented by 
feeding the Q5, Q4, Q3, Q2, Q1 signals, 
respectively, back to the DATA input. 
Divide-by-9, 7, 5, or 3 counter configura- 
tions can be implemented by the use of a 
CD4011A gate package to properly gate the 
feedback connection to the DATA input. 
Divide-by functions greater than 10 can be 
achieved by use of multiple CD4018A 


units. The counter is advanced one count at 
the positive clock-signal transition. A high 
RESET signal clears the counter to an all- 
zero condition. A high PRESET-ENABLE 
signal allows information on the JAM inputs 
to preset the counter. Anti-lock gating is 
provided to assure the proper counting 
sequence. 

These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age ( E suffix), 1 6-lead ceramic flat package 
(K suffix), and in chip form (H suffix). 



(“DATA” INPUT TIED TO Q 5 FOR DECADE COUNTER CONFIGURATION) 


CLOCK 

RESET 

PRESET 

Jarrr| 

Jamp 

Jam3 

Jam4 

•l QrT1 5 

Qi 

02 

03 

04 

05 




JAM V 

NPUTS 

DD 



"2" V*' 

" "3" *V 

.LLIL 

6 


PRESET io 








CLOCK — 


— 02 






DATA — 


— 03 

1 

RESET — 


-3« 

B 





2 

CD4018A 



j FUNCTIONAL DIAGRAM 


Features: 

n Medium speed operation .... 5 MHz (typ.) 

atV DD“ V SS = 10 v 

■ Fully static operation 

h Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 juA 
at 15 V (full package-temperature range) 

H 1-V noise margin (full package-temper- 
ature range) 


Applications: 

n Fixed and programmable divide-by-10, 
9, 8, 7, 6, 5, 4, 3, 2 counters 

■ Fixed and programmable counters 
greater than 10 

■ Programmable decade counters 

■ Divide-by-"N" counters/frequency 
synthesizers 

0 Frequency division 
o Counter control/timers 



DIVIDE BY 5 

1/2 CD40IIA 



DIVIDE BY 3 

1/2 CD40IIA 


CONNECTED BACK TO "DATA" 
(SKIPS "ALL-I’s” STATE) 

92CS- I707IR2 

Fig. 3 — External connections for divide by 10, 
9, 8, 7, 6, 5, 4, 3, 2 operation. 
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CD4018A Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) -65 to +150°C 

operating-temperature RANGE (T a ): 

PACKAGE TYPES D, F, H -55to+125°C 

PACKAGE TYPE E -40 to +85 °C 

DC SUPPLY-VOLTAGE RANGE. (V DD ) 

(Voltages referenced to Vgs Terminal): —0.5 to +15 V 

POWER DISSIPATION PER PACKAGE <P D ) 

FOR T a = -40 to +60 °C (PACKAGE TYPE E ) 500 mW 

FOR T a = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

FOR T a = -55 to +1 00°C (PACKAGE TYPES D. F ) 500 mW 

FOR T a = +100 to +125°C (PACKAGE TYPES D. F ) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1/32 inch (1 .59 ±0.79 mm) from case for 10 s max +265°C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, Input t r , tf = 20 ns, 

C L = 15pF,R L = 200k£2 



TEST 

CONDITIONS 

LIMITS 

UNITS 

d,f,h 

Packages 

E 

Package 


VDD 

(V) 

Min. 

Typ. 

Max. 



Max. 

CLOCKED OPERATION | 

Propagation Delay Time; 
tPLH'tPHL 

To Q5 Output 


5 

- 

350 

1000 

- 

350 

1300 

1 

10 

- 

125 

250 

- 

125 

300 

To Other Outputs 


HS 

- 



- 

i*i.l 

IEET1 

mm 

- 

200 

400 

- 

200 

500 



5 

- 


ESI 

- 

(Q3 

fiil 

B 

10 

- 

i 


- 

El 


To Other Outputs 


5 

- 

300 

900 

- 

Eg 

E3 

ns 

10 

- 

fa 


- 

fa 

E»1 

Maximum Clock Input 
Frequency, fcL 


5 

1 

mm 

- 

liH 

EM 

- 


mm 

3 

5 

- 

2 

wm 

- 



5 

- 

ESI 

EE1 

- 

wm 

ESI 

D 

10 

- 

wm 

m 

— 

HSI 

wm 


nn 

5 

- 

- 

wm 

- 

- 

wm 

/is 

mm 

- 


wm 

- 

- 

wm 



5 

- 



- 

fpa 

wm 

ns 

mm 


wm 


— 

wm 

ESI 

Average Input 
Capacitance, C| 

Any Input 

_ 

5 

B 

B 


- 

PF 

| PRESET* OR RESET OPERATION j 



5 




B 

350 

1300 

■ 

10 

B 



B 

125 

300 

To Other Outputs 


5 

- 

500 

1200 

- 

EH 


10 

- 

wm 

wm 


ESI 

E3 

Min. Preset or Reset 

Pulse Width 

tw 


5 

- 

200 

500 

- 

200 

830 

ns 

10 

- 

100 

165 

- 

100 

250 

Min. Preset or Reset 
Removal Time 


5 

- 

300 

750 

- 

300 

1000 

10 

- 

100 

225 

- 

100 

275 


* At PRESET ENABLE OR JAM Inputs. 


476 



10 20 30 40 90 60 70 80 

LOAD CAPACITANCE (C L > — pF 

92CS- 17826 


Fig. 4 — Typical propagation delay time vs. 

<oad capacitance for decoded outputs. 



Fig. 5 — Typical propagation delay time vs. 
load capacitance for Q s output. 



Fig. 6 — Typical transition time vs. load 
capacitance for decoded outputs. 



Fig. 7 — Typical transition time vs. load 
capacitance for Qg output. 










































CD4018A Types 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

Vdd 

(V) 

LIMITS 

UNITS 

D,F,H 

Packages 

E 

Package 

Min. 

Max. 

Min. 

Max. 

Supply-Voltage Range (ForT A = Full 
Package-Temperature Range) 


3 

12 

3 

12 

V 

Data Setup Time, t§ 

5 

10 

500 

200 

- 

Bn 

- 


Clock Pulse Width, tyy 

5 

10 

500 

170 

- 

FjjEM 

K 

- 


Clock Input Frequency, fQL 

5 

10 

dc 

dc 

1 

3 

dc 

dc 

0.6 

2 


Clock Rise and Fall Time, t f CL, tfCL 

5 

10 

_ 

B 

— 

15 

15 

Ms 

Preset or Reset Pulse 

Width, t w 

5 

10 

500 

165 

H 

830 

250 

H 

ns 

Preset or Reset Removal Time 

5 

10 

750 

225 

- 

1000 

275 

- 

ns 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) 


D,F.H packages 

£ Package 

Vo 

(V) 

V|N 

(V) 

Q — 
O > 
> ~ 

-55 

+25 

+125 

-40 

+25 

+85 


Typ. 

Limit 

EX9 


Quiescent Device 
Current II Max- 

- 

-■ 

5 

5 

0.3 

5 



E23 


KE3 

pA 

- 

- 

10 

10 

0.5 

10 

! E3! 

(I£J| 

1 

E23 


- 

- 

15 

50 

1 

50 

£2 

123 

5 

[2^ 


Output Voltage: 

Low Level, 

VOL 

- 

5 

5 

0 Typ.; 0.05 Max. 

V 

- 

10 

10 

0 Typ.; 0.05 Max. 

High Level 

VOH 

- 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity. 

Inputs Low, 

VNL 

4.2 


5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 

vnh 

0.8 

- 

5 

1.5 Min.; 2.25 Typ. 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 

Inputs Low, 

VNML 

4.5 

- 

5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High, 

vnmh 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 
Current: 
n-Channel 
(Sink) 

IqN Min. 

°5 

0.5 

- 

5 

0.18 

0.4 

0.15 

0.105 

0.095 

0.4 

0.08 

0.065 

mA 

0.5 

- 

10 

0.45 

1 

0.35 

0.25 

0.3 

1 

0.25 

0.2 

Ol,02 

Q3.Q4 

0.5 

_ 

5 

0.06 

0.1 

0.05 

0.035 

0.03 

0.1 

0.025 

0.02 

0.5 

- 

10 

0.25 

0.4 

0.2 

0.14 

0.18 

0.4 

0.15 

0.12 

p-Channel 

(Source) 

IqP Min. 

q 5 

4.5 

- 

5 

-0.185 

-0.4 

•0.15 

-0.105 


E3 


EEia 

9.5 

- 

10 

-0.45 

-1 

•0.35 

-0.25 


-« 

EE9 

EH 

0l,G2 

Q3.Q4 

4.5 

_ 

5 

-0.075 

-0.15 

•0.06 

•0.04 


ms 

eeeb 

B3ES1 

9.5 

- 

10 

•0.25 

•0.4 

-0.2 

-0.14 


-0.4 

EXEI 

ES3 

Input Leakage 

Current, 
l|L, l|H Max. 

Any Inf 

IUt 

±10~ 5 Typ., ±1 Max. 

pA 



Fig. 8 — Typical maximum input dock 
frequency vs. supply voltage. 



Fig. 9 - Typical dissipation characteristics 




0 0 0 0 0 0 0 

1 0 0 0 1 0 0 

0 0 0 0 0 1 0 

0 0 0 0 0 0 0 

Fig. 11 — Quiescent-device-current test circuit. 


v ss 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V DD AN0V SS 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
v dd orv ss . 


»2CS-Z7«02 


Fig. 12 — Input-leakage-current test circuit. 

























CD4019A Types 

COS/MOS Quad AND/OR Select Gate 


The RCA-CD4019A types are comprised of 
four AND/OR select gate configurations, 
each consisting of two 2-input AND gates 
driving a single 2-input OR gate. Selection 
is accomplished by control bits K a and «£,. 

In addition to selection of either channel A 
or channel B information, the control bits 
can be applied simultaneously to accomplish 
the logical A + B function. 

These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age ( E suffix), 1 6-lead ceramic flat package 
(K suffix), and in chip form (H suffix). 

MAXIMUM RATINGS, Absolute-Max imum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) -65 to +150°C 

OPERATING-TEMPERATURE RANGE ( T A ) : 

PACKAGE TYPES D, F ( H -55 to +125°C 

PACKAGE TYPE E -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vss Terminal): -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P D ) 

FOR T A = -40 to +60°C (PACKAGE TYPE E ) 500 mW 

FOR T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 1 2 mW/°C to 200 mW 

FOR T a = -55 to +100°C (PACKAGE TYPES D, F) 500 mW 

FOR T A = +100 to +125°C (PACKAGE TYPES D,F) . . .Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265°C 



CD4019A 

FUNCTIONAL DIAGRAM 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 




[ LIMITS | 


CHARACTERISTIC 

V DD 

(V) 

D'F.H 

Packages 

E 

Package 

UNITS 



um 




Supply-Voltage Range (For Ta = Full 
Package-Temperature Range) 


3 

1 12 

1 3 

1 12 




ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


V DD 



Features: 

■ Medium-speed operation 

• • • tpHL = *PLH = 50 ns top-) at C L = 15 P F * 
V DD =10V 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 fiA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-temper- 
ature range) 


Applications: 

■ AND-OR select gating 

■ Shift-right/shift-left registers 

■ True/complement selection 

■ AND/OR/Exclusive-OR selection 



Fig. 2 — Typical propagation delay time vs. 
load capacitance. 



Fig. 3 — Typical transition time vs. toad 
capacitance. 



Fig. 1 — Schematic diagram for 1 of 4 identical stages. 


Fig. 4 —Maximum propagation delay time vs. 
supply voltage. 








CD4019A Types 


STATIC ELECTRICAL CHARACTERISTCS 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) ] 

Units 

D,F,H Packages 

j E Package 

1 

on 

FBI 

V DD 

(V) 

-55 

+25 

+125 

-40 

| +25 


Typ. 

Limit 

Typ. 

Limit 

+85 

Quiescent Device 
Current,! |_ Max. 

- 

- 

5 

5 

0.03 

5 

300 

50 

0.1 

50 

700 

m a 

- 

- 

10 

10 

0.05 

10 

600 

100 

0.2 

100 

o 

o 

- 

- 

15 

50 

1 

50 

2000 

500 

5 

500 

|5000 

Output Voltage: 
Low- Level, 

VOL 

— 

5 

5 

0 Typ.; 0.05 Max. 

V 

_ 

10 

10 

0 Typ.; 0.05 Max. 

High Level 

VOH 

_ 

0 

5. 

4.95 Min.; 5 Typ. 

- 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 
V N L 

3.6 

- 

5 

1.5 Min.; 2.25 Typ. 

V 

7.2 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 
VNH 

1.4 

- 

5 

1.5 Min.; 2.25 Typ. 

2.8 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 
Inputs Low, 
VNML 

4.5 

_ 

5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High, 

Vnmh 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 
Current: 
n-Channel 
(Sink) 
l D N Min. 

0.5 

- 

5 

0.6 

0.9 

0.45 

0.3 

0.37 

1 

0.3 

0.23 

mA 

0.5 

- 

10 

0.9 

1.5 

0.75 

0.55 

0.8 

1.5 

0.65 

0.5 

p-Channel 
(Source) : 

IqP Min. 

4.5 

“ 

5 

-0.31 

-0.5 

-0.25 

-0.175 

-0.145 

-0.5 

-0.12 

-0.095 

9.5 


10 

-0.95 

-1.5 

-0.7 

-0.5 

-0.6 

-1.5 

-0.5 

-0.4 

Input Leakage 
Current, 
hL/ «IH 

An 

y Inp 

Li 

ut 

15 

±10- 5 Typ.,±1 Max. 

MA 



Fig. 5 — Typical dissipation characteristics, 
(per output). 



Fig. 6 — Quiescent-device-current test circuit. 



DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r , tf = 20 ns, C L = 15 pF. 

R l_ = 200 kEL 





LIMITS 


CHARACTERISTIC 

TEST 

CONDITIONS 

D,F,H 

Packages 

E 

Package 

UNITS 



V DD 

(V) 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Propagation Delay 

Time; 

tpLH^PHL 


5 

- 

100 

225 

- 

100 

300 



10 

- 

50 

100 

- 

50 

125 

ns 

Transition Time; 


5 

- 

100 

200 

- 

100 

275 


tTHL^TLH 


10 

- 

40 

65 

- 

40 

80 

ns 

Average Input 
Capacitance, C| 

All A and B 

Inputs 

- 

5 

- 

- 

5 

- 

pF 

K a and K b 

Inputs 

- 

12 

- 

- 

12 

- 

pF 


Fig. 7 — Noise-immunity test circuit. 


v DO 




T 

Vss 


NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V DD ANOVjs 
CONNECT ALL UNUSED 
INPUTS TO EITHER 

VooORVss- 


«c*-ir«02 


Fig. 8 — Input-leakage-current test circuit. 


479 












CD4020A Types 


COS/MOS 

14-Stage Ripple-Carry 
Binary Counter/Divider 


counter is reset to its all-zeroes state by a 
high level on the RESET inverter input line. 
Each counter stage is a static master-slave 
flip-flop. The counter is advanced one count 
on the negative-going transition of each 
INPUT PULSE. 


The RCA-CD4020 consists of a PULSE These types are supplied in 16-lead hermetic 
INPUT shaping circuit, RESET line driver dual-in-line ceramic packages (D and F 
circuitry, and 14 ripple-carry binary counter suffixes), 16-lead dual-in-line plastic pack- 
stages. Buffered outputs are externally avail- age (Esuffix), 16-lead ceramic flat package 

able from stages 1 and 4 through 14. The (K suffix), and in chip form (H suffix). 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T $t ) -66 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, H -55 to +125°C 

PACKAGE TYPE E -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, <V DD ) 

(Voltages referenced to Vgg Terminal) -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P D ): 

FOR T A = -40 to +60°C (PACKAGE TYPE E ) 500 mW 

FOR T a = +60 to +85°C (PACKAGE TYPE E ) Derate Linearly at 12 mW/°C to 200 mW 

FOR T a = -55 to +100°C (PACKAGE TYPES D, F) 500 mW 

FOR T a = +100 to +125°C (PACKAGE TYPES D, F ) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 




Features: 

■ Medium speed operation . . . 

7 MHz (typ.) at V DD -V SS = 10 V 

■ Low output impedance 

■ Common reset 

■ Fully static operation 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 /jA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-temperature 
range) 


Applications: 

■ Frequency-dividing circuits 

■ Time-delay circuits 

■ Counter control 

■ Counting functions 



A ACTION OCCURS ON NEGATIVE GOING TRANSITION OF INPUT 
PULSE. COUNTER ADVANCES ONE BINARY COUNT ON EACH 
92CM- I60I7H2 NEGATIVE + TRANSITION <16,384 TOTAL BINARY COUNTS). 


Fig. 1— Logic diagram for 1 of 14 binary stages. 
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Characteristic 


V|N 

(V) 

Q> 
> ^ 

-55 


_ 

5 

15 

IH 

- 

mm 

25 

i 

- 

15 

50 

2.5 


Limits at Indicated Temperatures (°C) 


D, F,H Packages 


+125 -40 


100 1400 juA 

500 5000 
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)■■■■■■■■■■■■ 

!■■■■■■■■■■■■ 

!■■■■■■■■■■ 


Si! 
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Fig. 4— Minimum output n-channel drain charac 
teri sties. 
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(Source) 


Input 
Leakage 
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•lb 'lH 


0 Typ.; 0.05 Max 


0 Typ.; 0.05 Max. 


4.95 Min.; 5 Typ. 


9.95 Min.; 10 Typ 


1.5 Min.; 2.25 Typ. 


3 Min.; 4.5 Typ. 


1.5 Min.; 2.25 Typ 


3 Min.; 4.5 Typ. 



5 0.09 


10 0.185 0.4 0.15 0.105 0.16 0.5 0.10 0.10 


-0.11-0.25 


-0.25 
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Fig. 5— Typical output p-channel drain charac 
ten's tics. 
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Fig. 6— Minimum output p-channel drain charac- 
teristics. 





















































CD4020A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r ,tf = 20 ns, 
C L = 15 pF, R L 200k£2 


CHARACTERISTIC 

TEST 

CONDITIONS 

LIMITS 

UNITS 

D,F,H 

Packages 

E 

Package 


V DD 

(V) 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Clocked Operation | 

Propagation Delay 
Time,* 
tPLH' *PHL 


5 

_ 

450 

600 

_ 

450 

650 

ns 

10 

- 

150 

225 

- 

150 

250 

Transition Time, 

tTHL- t TLH 


5 

- 

450 

600 

- 

450 

650 

ns 

10 

- 

200 

300 

- 

200 

350 

Maximum Input Pulse 
Frequency, f 0 


5 

1.5 

2.5- 

- 

1.5 

2.5 

- 

MHz 

10 

4 

6 

- 

4 

6 

_ 

Minimum Input Pulse 
Width, tyy 


5 

- 

200 

335 

_ 

200 

500 

ns 

10 

- 

70 

125 

- 

70 

165 

Input Pulse Rise & 

Fall Time, t r0 ,t f0 


5 

- 


15 

- 

- 

15 

Ms 

10 

- 

- 

15 

- 

- 

15 

Average Input 
Capacitance, Cj 

Any Input 

- 

- 

5 

- 

- 

5 

pF 

Reset Operation | 

Propagation Delay 
Time,* 
l PHL 


5 

_ 

2000 

3000 

_ 

2000 

3500 

ns 

10 

- 

500 

775 

- 

500 

300 

Minimum Reset Pulse 
Width, 
t W 


5 



1800 

2500 

_ 

1800 

3000 

ns 

10 

- 

300 

475 

- 

300 

550 


* Propagation delay is from input pulse to Q-j output. 



Fig. 7— Typical propagation delay time vs. C[_. 
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Fig. 8-Typical transition time vs. C L . 




Fig. 10— Typical dissipation characteristics. 



Fig. 1 1— Quiescent-device-current test circuit. 




Fig. 12— Noise-immunity test circuit. 


Fig. 13— Input-leakage-current test circuit. 
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CD4021A Types 


COS/MOS 8-Stage Static Shift Register 


Asynchronous Parallel Input/Serial Output, 
Synchronous Serial Input/Serial Output 

The RCA-CD4021A types are 8-stage paral- 
lel or serial-input/serial-output shift registers 
having common CLOCK and PARALLEL/ 
SERIAL CONTROL inputs, a single SER- 
IAL DATA input, and individual parallel 
Jam inputs to each register stage. Each regis- 
ter stage is a D-type, master-slave flip-flop. 

Q outputs are available from the sixth, 
seventh, and eighth stages. 

When the PARALLEL/SERIAL CONTROL 
input is low, data are serially shifted into 
the 8-stage register synchronously with the 
positive-going transition of the CLOCK 
pulse. 


Features: 

■ Asynchronous parallel or synchronous serial operation 
under control of parallel/serial control-input 

■ Individual JAM inputs to each register stage 

■ Master-slave flip-flop register stages 

■ Fully static operation DC to 5 MHz 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 /iA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-temper- 
ature range) 

When the PARALLEL/SERIAL CONTROL 
input is high, data are jammed into the 8- 
stage register via the parallel input lines asyn- 
chronously with the clock line. 

Register expansion is possible using addi- 



tional CD4021A packages. 

These types are supplied in 1 6-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 1 6-lead ceramic flat package 
(K suffix), and in chip form (H suffix). 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTERISTICS 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 

UNITS 

D, F, H PACKAGES 

E PACKAGE . 

V 0 

(V) 

V .N 

(V) 

V DD 

(V) 

-55 

±25 

+125 

-40 

+25 

+85 

TYP. 

LIMIT 

TYP. 

LIMIT 

Quiescent Device 
Current l|_ Max. 

_ 

- 

5 

5 

0.5 

5 

300 

50 

0.5 

50 

700 

J“A 

- 

- 

10 

10 

1 

10 

600 

100 

1 

100 

1400 

_ 

- 

15 

50 

J 

50 

2000 

500 

5 

500 

5000 

Output Voltage: 
Low-Level, 

V OL 

- 

5 

5 

I 

0 Typ.; 0.05 Max. 

V 

- 

10 

10 

0 Typ.; 0.05 Max. 

High Level 

V OH 

- 

0 

5 

4.95 Min.; 5 typ. 


0 

10 

... 

9.95 Min.; 10 Typ. 

Noise Immunity; 
Inputs Low, 

V NL 

4.2 

- 

5 

1 .5 Min.; 2.25 Typ. 

V 

9 

“ 

10 

\ 3 Min.; 4.5 Typ. 

Inputs High 

V NH 

0.8 

- 

5 

1.5 Min.; 2.25 Typ. 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 

Inputs Low, 

V NML 

4.5 

- 

5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High, 
V NMH 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 

Current : 

N-Channel 

(Sink), 

IqN Min. 

0.5 


5 

0.15 

0.3 

0.12 

0.085 

0.072 

0.3 

0.06 

0.05 

mA 

0.5 

- 

10 

0.31 

0.5 

0.25 

0.175 

0.12 

0.5 

0.1 

0.08 

P-Channel 

(Source) 

IqP Min. 

4.5 


5 

-0.1 

-0.16 

-0.08 

-0.055 

-0.06 

-0.16 

-0.05 

-0.04 

9.5 

- 

10 

-0.25 

-0.44 

-0.20 

-0.14 

-0.12 

-0.44 

-0.1 

-0.08 

Input Leakage 
Current, 

'lL' *IH 

An 

! 

ly Inp 

ut 

15 

±10“® Typ., ± 1 Max. 



Applications: 

o Parallel to serial data conversion 
h Asynchronous parallel input/serial output 
data queueing 
« General purpose register 



Fig. 1 — Typical dock input frequency vs. 
supply voltage. 



Fig. 2 — Typical propagation delay time vs. 
load capacitance. 
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CD4021A Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (T A )\ 

PACKAGE TYPES D, F, H . -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (Vqd> 

(Voltages referenced to V$s Terminal) -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (Pq) 

FOR T a = -40 to +60° C (PACKAGE TYPE E ) 500 mW 

FOR T A = +60 to +85° C (PACKAGE TYPE E ) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D,F) 500 mW 

FOR T A = +100 to +125°C (PACKAGE TYPES D,F) ... Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR t A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 




Fig. 3 — Typical transition time vs. 
load capacitance. 



10 10* I0 5 10 

INPUT CLOCK FRE0UENCY t» C |) — kHi 

MCS-I7S0SRS 


Fig. 4 — Typical dissipation 
characteristics. 


Fig. 5 - Logic diagram. 

RECOMMENDED OPERATING CONDITIONS at Ta = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


A = LEVEL CHANGE X = DON'T CARE CASE 
IV|0 CHANGE 92CS-17141R3 

Fig. 6 — Truth table. 


*lf more than one unit is cascaded t r CL should be made less than or equal to the sum of the transition time 



TRUTH TABLE 



and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 
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CD4021A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 

at Ta = 25°C, Input t r , tf = 20 ns. Cl = 15 pF, Rl = 200 kSl 




Vnn 

PACKAGES 

PACKAGE 

i 




v uu 

(V) 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 


Propagation Delay 

X Imn * * 


5 

- 

300 

750 

- 

300 

1000 


i ime, 

tPLH.tpHL 


10 

- 

100 

225 

- 

300 

300 

ns 

Transition Time; 


5 

- 

150 

300 

- 

150 

400 

ns 

^HL, tTLH 


10 

- 

75 

125 

- 

75 

150 



Maximum Clock Input 
Frequency, fCL 

Minimum Clock Pulse 
Width, t w 

Clock Rise & Fall 
Time; t r CL & tfCL* 

Minimum Data Set 
Up Time, t$ 

Minimum High-Level 
Parallel/Serial 
Control Pulse 
Width tw 

Input Capacitance C| 


Any Input 


200 

500 

- 200 

100 

175 

- 100 

- 

15 

- 

- 

5 

- 

100 

350 

- 100 

50 

80 

50 

200 

500 

- 200 

100 

175 

100 

5 

- 

5 


*lf more than one unit is cascaded t r CL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 

•From Clock or Parallel/Serial Control Input 


NOTE: 

TEST ANY COMBINATION 
Of INPUTS 


Fig. 7 — Noise-immunity test circuit. 


Test performed with the following sequence 
of "One's" and "Zero's". 

S 1 s 2 s 3 s 4 s 5 
0 0 10 0 
10 111 
10 10 1 
0 1111 
0 10 0 0 



92 C S I792CHI 

Fig. 8 — Quiescent device current test circuit. 




NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V 0D ANOV ss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
V DD OR V ss 


Fig. 9 - Input-leakage-current 
test circuit. 


W ALL INPUTS ARE ^ 

PROTECTED BY 1 

COS/MOS PROTECTION » V SS 
NETWORK 


Fig. 10— One typical stage and its equivalent detailed circuit. 
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CD4022A Types 


COS/MOS Divide-By-8 

Counter/Divider 

With 8 Decoded Outputs 


The RCA-CD4022A types consist of a 4- 
stage divide-by-8 Johnson counter, associ- 
ate decode output gating and a CARRY- 
OUT BIT. The counter is cleared to its zero 
count by a high RESET signal. The counter 
is advanced on the positive CLOCK-signal 
transition provided the CLOCK INHIBIT 
signal is low. 

Use of the Johnson divide-by-8 counter 
configuration permits high-speed operation, 
2-input decode gating, and spike-free de- 
coder outputs. Anti-lock gating is provided, 
thus assuring proper counting sequence. The 
8 decode gating outputs are normally low 


and go high only at their respective decoded 
time slot. Each decode gate output remains 
high for one full clock cycle. The CARRY- 
OUT signal completes one cycle every 8 
CLOCK-INPUT cycles and is used as a 
ripple-carry signal to directly clock a suc- 
ceeding counter package in a multi-package 
counting system. 

These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 1 6-lead ceramic flat package 
(K suffix), and in chip form (H suffix). 



Features: 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) -65 to +150°C 

OPERATING-TEMPERATURE RANGE <T A >: 

PACKAGE TYPES D, F, H -55 to +125°C 

PACKAGE TYPE E -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgs Terminal): -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P D ) 

FOR T A = -40 to +60 °C (PACKAGE TYPE E ) 500 mW 

FOR T a = +60 to +85°C (PACKAGE TYPE E ) Derate Linearly at 12 mW/°C to 200 mW 

FOR T a = -55 to +1 00 °C (PACKAGE TYPES D. F ) 500 mW 

FOR T a = +100 to +125°C (PACKAGE TYPES D. F) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ±0.79 mm) from case for 10 s max +265°C 


■ Medium speed operation .... 5 MHz (typ.) at 

Vqd ” V SS = 10 V 

■ Divide by N counting; N = 2 to 8 with one 
CD4022A plus one CD4001A package 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 fjA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-temper- 
ature range) 


Applications: 

■ Binary counting/decoding 

■ Binary frequency division 

■ Binary counter control/timers 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

VDD 

(V) 

LIMITS 

UNITS 

D,F,H 

Packages 

E 

Package 

Min. 

Max. 

Min. 

Max. 

Supply-Voltage Range (For Ta = Full 
Package-Temperature Range) 


3 

12 

3 

12 

V 

Clock Inhibit 

Setup Time, tg 

5 

10 

175 

75 

_ 

175 

75 

- 

ns 

Clock Pulse Width, tyy 

5 

10 

500 

170 

- 

830 

250 

_ 

ns 

Clock Input Frequency, fQ|_ 

5 

10 

dc 

dc 

1 

3 

dc 

dc 

0.6 

2 

MHz 

Clock Rise and Fall Time, t f CL, tfCL 

5 

10 

- 

15 

15 

1 

15 

15 

Ms 

1 Reset Pulse Width 

5 

10 

300 

150 



600 

300 

- 

ns 

Reset Removal Time 

5 

10 

752 

225 

— 

1000 

275 


ns 
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CD4022A Types 



•all inputs are protected by 

COS/MOS PROTECTION NETWORK 

Fig. 1 — Logic diagram. 


STATIC ELECTRICAL CHARACTERISTICS 


CLOCK 

RESET 




" 4 " 

" 5 " 

« 6 » 

" 7 " 


JT L. 


J~o\ 


nr\ I — 

1 1 

rr\ 

rr\ 

r 5\ 

m\ 

m 

rs\ 

m 

m\ 

m 



92SS-4457R2 


Fig. 2 — Timing diagram. 



Fig. 3 — Typical propagation delay time vs. 

load capacitance for decoded outputs. 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) | 

Units 

D,F,H Packages 

E Package 

m 

IBl 

V|N 

(V) 

Vdd 

(V) 

-55 

+25 

+125 

-40 

+25 

+85 





Quiescent Device 
Current lj_ Max. 

- 

- 

mm 

5 


B 


50 

03 

o 


pA 

_ 

- 

na 

10 


na 


KESX 

i 

MEM 


- 

- 

■a 




Esa 

liig 

5 


ES3 

Output Voltage: 

Low Level 

VOL 

- 

5 

5 

0 Typ.; 0.05 Max. 

V 

- 

El 

B3 

0 Typ.; 0.05 Max. 

High Level 

VOH 

- 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

EH 

9.95 Min.; 10 Typ. 


ca 

- 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

o 

3 Min.; 4.5 Typ. 


m 

- 

5 

1.5 Min.; 2.25 Typ. 


- 

na 

3 Min.; 4.5 Typ. 

BBH 

m 

- 

. 

1 Min. 

V 

• 

- 

o 

1 Min. 


fin 

- 

5 

1 Min. 

mm 

- 

na 

1 Min. 

Output Drive 
Current: 
n-Channel 
(Sink) 

IDN Min. 

Decoded 

Outputs 

m 

_ 

wm 

fiT»;.fl 


in 



m 



1 

m 

0 

na 



EH 


!■!»: A 

EEI 




m 

- 

wm 




BE3 


e m 

EEI 

EEI 

ten 


■a 

IdfcVidl 

10 

EEI 

Bing 


' 



p-Channel 
(Source): 
IqP Min. 

Decoded 

Outputs 

na 

01 

5 


emun 

gy*i 






9.5 

- 

10 

-0.12 

-0.15 

-0.1 

-0.07 

•0.06 

-0.15 

-0.05 

-0.04 

Carry 

Output 

4.5 

_ 

5 

•0.185 

-0.4 

-0.15 

-0.105 

-0.096 

•0.4 

-0.06 

•0.065 

9.5 

- 

10 

-0.375 

-0.8 

-0.3 

-0.21 

-0.155 

-0.8 

-0.13 

-0.106 

Input Leakage 

Current, 

1 1 L» 'lH 

An 

y Input 

- | 15 

±10“® Typ., ±1 Max. 

pA 


s 

l 600 
r 

d AMBIENT TEMPERATURE (T A ) ■ 25*C l.::. ji 1) 

d TYPICAL TEMPERATURE COEFFICIENT FOR' M; 





mm- 

H44-H444 






m 

m 

ii 

j|sssjsHsjHiii!!!f 





mmm 

mmm 



isssimsssugiiin 

S" 




mmm 

::::: 

■■■■■■Ml 

■■■■■mfi 


i “ uu 

i 

| 200- 




aaa 

■■■ 

■■■ 
8S9 
■ ■■ 

■ ■■ 

■ ■■ 

■ ■■ 

nin 

■■■ 

■■■ 

■■■ 

■■■ 

■■■ 

■■■ 

■■■ 

sss 

sss 

■■■ 

sss 

■■■ 

■■■■■■■■ 

■■■■■■■a 

:::::::: 

■■■■■aaa 

■■■■■■■a 

■■■■■■■■ 

■■■■■■SSSSSSSSSISXII 

SSSSSSSSSSSSSSSSSSK 

■■■■■■■■■■■■■■■■■■Si 

■■■■■■■■■■■■■■■■■■■a 

■■■■■■■■■■■■■rriaaaaa 

■■■■■■■■■■■■■ UJ t:=M 

■■■■■■■■■■■■■■■■■■■a 

■■■■■■■■■■■■ 

■■■■■■■■■■■■■■■■■■■a 

■■■■■■■■■■■■■■■■■■■a 

■■■■■■■■■■■■■■■■■■■a 


O 20 40 60 80 


LOAD CAPACITANCE <C L )-pf 


Fig. 4 - Typical propagation delay time vs. 
load capacitance for carry output. 



Fig. 5 — Typical transition time vs. load 
capacitance for decoded outputs. 
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CD4022A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A * 25°C, Input t r , tf = 20 ns, 

C L = 15pF, R L «200kft 


CHARACTERISTIC 


LIMITS 

UNITS 

TEST 

CONDITIONS 

D'F.H 

Packages 

E 

Package 


Vqd 

(V) 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

CLOCKED OPERATION | 

Propagation Delay Time: 

tPHL ' tPLH 

Carry-Out Line 


5 

- 

IBB 


- 

Ilplj 

IBBI 

ns 


10 

- 


on 

- 



Decode Out Lines 


5 

- 


IBB1 

- 

400 

1600 

ns 


10 

- 

200 

400 

- 

200 

800 

Transition Time: 
tTHLftjLH 

Carry-Out Line 


5 

- 

H 

2S31 

- 

m 

Bffil 




- 

JH 

WBM 

- 

HIM 


Decode-Out Lines 


5 


300 

900 

_ 

300 

1200 

D 


10 


■EE1 1 

ESI 

- 

125 

500 

Min. Clock 

Pulse Width, t w 


5 

- 

250 

500 

- 

EEE 1 

FEW 

D 


10 

- 

mm 

roi 

- 

mm 

El 

Clock Rise and 

Fall Time, 
trCL » tfCL 


5 

- 

— 

m 

_ 

— 

19 

Ms 


10 

- 

- 

m 

_ 

— 

19 



5 



jppn 








m 

IBl 


wm 




5 

1 

wm 

_ 


mm 

_ 



10 

mm 

mm 

- 

2 

5 

_ 




mm 

- 

- 

mm 

- 

PFj 

| RESET OPERATION | 

Propagation Delay Time: 
tPHL. tpLH 

Carry-Out Line 


5 



EH 

- 

ini 

BBS 

ns 




iwi 

Em 

B 

WSI 

E33 

Decode-Out Line 


5 

~ 

500 

1250 

- 

E3 

HCTl 

D 


10 


IMdi 


bb 

Ea 

El 



5 

~ 

150 

300 

- 

150 

600 

ns 


10 


75 

150 

- 

75 

300 

Min. Reset 

Removal Time 


5 

— 

300 

752 

_ 

300 

1000 

ns 


10 

- 

100 

225 

- 

100 

275 


* Measured with respect to carry output line 



Fig. 6 — Typical transition time vs. load 
capacitance for carry output. 



Fig. 7 — Typical dock input frequency vs. 
supply voltage. 
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I- 
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■■■■IBB 

■ 

a 









SBSii 

— 
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ssisssMis 

F 


===== 

= 
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= 


miiiiiii 

ininiiii 

Ull'MIlIl 

■ .UL9HIIB 

■lIlklBllfB 


s 

#3 

a r ^iaiiMi 

iiiSBSiiSB 

i 






■ 

■i 

^■1S 


= 

LOAD CAPACITANCE (C L M5pF 

C L *50pF 

Z 1 □ 



'ITT 1 T 1 1 1-11 1,,-Ll 


10 to 2 10* 10“ 

INPUT CLOCK FREQUENCY (f CL ) — kHz 


92CS- I7829PI 

Fig. 8 — Typical dissipation characteristics. 





Fig. 9 — Quiescent-device-current test circuit. Fig. 10 — Noise-immunity test circuit. 


Fig. 11 — Input-leakage-current test circuit 


488 







































CD4024A Types 


COS/MOS 7-Stage Binary Counter 

With Buffered Reset ' 2 " 


The RCA-CD4024A consists of an INPUT 
PULSE shaping circuit, RESET line driver 
circuitry, and seven binary counter stages. 
The counter is reset to "zero" by a high level 
on the RESET input. Each counter stage is a 
static master-slave flip-flop. The counter 
state is advanced one count on the negative- 
going transition of each INPUT PULSE. 

These types are supplied in 1 4-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 14-lead dual-in-line plastic pack- 
age (E suffix), 12-lead hermetic TO-5-style 
package (T suffix) 14-lead ceramic flat pack- 
ages (K suffix), and in chip form (H suffix). 

Applications: 

■ Frequency-dividing circuits 

■ Time-defay circuits 

■ Counter control , 

■ D/A counter and switch on one chip 



i. 

0 | - 
F/F-l 

T 

°2 ■ 
F/F-2 

03- 

F/F-3 

0 4 - 

F/F-4 

°5- 

F/F-5 

0 6 - 

F/F-6 

07 

F/F-7 

R 

T 1 

U°T 

L r6 2 ^ 

R°3 J 

^ tP** 

rOs^ 

rQg' 

■ r07 


* ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 



12 0| 




* Os 


« Q . 


. 4 
-2— Qg : 

— 06 ' 


_1_ 07 


/ 


Fig. 1 - Functional diagram for CD4024AD, 
AE,AF, 


± 

0,.. 

q 2 -- 

°3 -- 

0 4 -_ 

°5 - - 

q 6 -- 

07 


F/F-l 

F/F-2 

F/F-3 

F/F-4 

F/F-5 

F/F-6 

F/F-7 

• -S-T 


R°2 

R^3 

R&4 

rQ5 X 

rQ6^ 

rQ? 


” ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


MAXIMUM RATINGS, Absolute-Maximum Values: 


Fig. 2 — Functional diagram 
for CD4024AT. 



STORAGE-TEMPERATURE RANGE (T stg ) ~ 65 to +150 C 

OPERATING-TEMPERATURE RANGE (T A ): Q 

PACKAGE TYPES (D,F,T,H)| -55 to +125 q C 

PACKAGE TYPE E -40 to +85 C 

DC SUPPLY-VOLTAGE RANGE. (V DD ) 

(Voltages referenced to V«js Terminal): -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P D ) 

FOR T a = -40 to +60 °C (PACKAGE TYPE E ) • • • 500 mW 

FOR T a = +60 to +85°C (PACKAGE TYPE E ) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D,F,T ) . .500 mW 

FOR T a = +100 to +125°C (PACKAGE TYPES D,F,T ) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265°C 


RECOMMENDED OPERATING CONDITIONS at T A = 25 C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges. 


Features: 

■ Medium-speed operation 

. . 7-MHz (typ.) input pulse rate at 

V D D-V S S =10V 

■ Low high-and-low level output impedance 
. . 70012 and 50012 (typ.), respectively at 

Vdd-v S s = 10V 

■ Fully static operation 

■ Common reset 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 juA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-temper- 
ature range) 


CHARACTERISTIC 


LIMITS 

VDD d,f,t,h e 

Packages Package 




Min. 

Max. 

Min. 

Max. 

Supply-Voltage Range (For T A = Full 
Package-Temperature Range) 


3 

12 

3 

12 

Clock Pulse Width, % 

5 

330 

- 

500 

- 

10 

125 

- 

165 

- 

Clock Input Frequency, fQi_ 

5 

dc 

1.5 

dc 

1 

10 

dc 

4 

dc 

3 

Clock Rise or Fall Time, t r CL, tfCL 

5 

15 

- 

15 

- 

10 

15 

- 

15 

- 

Reset Pulse Width, tyy 

5 

500 

- 

600 

- 

10 

300 

- 

350 

- 


DRAIN-TO- SOURCE VOLTS (V os ) 


Fig. 3— Typical output n-channel drain 
characteristics. 
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CD4024A Types 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) j 

Units 


E Package 

< 0 

rag 

IH1 

| 

-55 

+25 

+125 

-40 

+25 

+85 

Cffl 




Quiescent Device 
Current ,1 l Max 

- 

- 

5 

5 

0.3 

ID 





EM 

ma 

- 

- 

m 

D 

m 

ID 



1 


lEKTtl 

- 

- 

k m 

KB 

1 

ID 

EEa 

EM 

5 

EH 


Output Voltage: 
Low-Level, 

Vol 

- 

□ 

B 

0 Typ.; 0.Q5 Max. 

V 

- 

m 

na 

0 Typ.; 0.05 Max. 

High Level, 

VOH 

- 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

■El 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 
VNL 

EB 

- 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

B 

3 Min.; 4.5 Typ. 

Inputs High, 

vnh 

0.8 

- 

wm 

1.5 Min.; 2.25 Typ. 

1 

- 

mm 

3 Min.; 4.5 Typ. 

Noise Margin: 
Inputs Low, 

vnml 

m 

- 

5 

1 Min. 

V 

B 

B 

19 

1 Min. 

Inputs High, 
VNMH 

1DE1 

- 

5 

1 Min. 

n 

- 

m 

1 Min. 

Output Drive 
Current: 
n-Channel 
(Sink), 
l D N Min. 


1 

5 



0.25 

0.175 

0.15 


0.12 

0.095 

mA 


- 

□ 


D 


0.35 

0.31 

1 

W 


p-Channel 

(Source) 

IqP Min. 

4.5 

- 

B 


M 




Q3 

Btfl 

il|§| 


- 

B 



523 

-0.25 

-0.31 

EQ 

fim 

0.2 

Input Leakage 
Current, 

ML, l|H 

An 

y Inp 

u 

— 

ut 

15 

±10 — 5 Typ.; ±1 Max. 

ma 


INPUT 



equations for STAGES 2 TO 7 

°20UT = (02)(O|)(e)(R) O 5 OUT s (OsKOl M0 2 K0 3 ) (0 4 ){i )(») 

°30UT * <6 3 )(0,K02xi)<*) 060UT * (MO^XQsXOsXOsxSxR) 

°40UT » <0 4 X0i)(02X03xiHR) O 7 OUT * (67X0,X02X03X0 4 X0 5 XQ 6 X#X*> 

Fig. 7 — Logic block diagram (pulse shaper 
and 1 binary stage). 


DRAIN -TO -SOURCE VOLTS (V„ 8 t 



MCS-IT934 

Fig. 4 — Typical output p-channe! drain 
characteristics. 



Fig. 5 — Minimum output n-channe! drain 
characteristics. 


ORAIN -TO- SOURCE VOLTS (Vpj) 
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an m 
■■ ■ 
an n 
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an a 
■a n 

m 

■ 

jjji 
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1 
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BBS 

| 

f 
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AMBIENT TEMPERATURE (T*)*25*C 
TYPICAL TEMPERATURE COEFFICIENT 

I 0 

■ -0.3 %/•< 

r 


92CS-I9079 Al 

Fig. 6 — Minimum output p-channe! drain 
characteristics. 



LOAD CAPACITANCE CC|_>-pF 


Fig. 8 — Typical propagation delay time vs. Cj_. 
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CD4024A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input V tf = 20 ns, 

C L = 15 pF, R L = 200 kfi 





LIMITS 

mm 


TEST 

d,f,t,h 


£ 



CHARACTERISTIC 

CONDITIONS 

Packages 

Package 

UNITS 



VDD 

(V) 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


| <p INPUT OPERATION | 

Propagation Delay Time;** 


5 

- 

Him 


- 

m 



tPLH^PHL 


10 

- 

ia 

Em 

- 

E9 



Transition Time; 


5 

- 


|Q 

- 

|Q 

EOS 

ns 

^HL^TLH 


O 

- 

wm 


- 

wm 

FETil 

Maximum Pulse Input 


5 

kei 

wm 

- 

1 

wm 

- 

MHz 

Frequency, f ^ 


wm 

4 

7 


wm 

7 

- 

Minimum Input Pulse 


5 

- 

200 

330 

- 

ESI 

H»?»l 

Q 

Width, tyy 


mm 

- 

EET!1 

IEE1 

- 

1 E !»1 

165 

Input Pulse Rise & 


5 

_ 

— 

15 

o 

n 


D 

Fall Time, t r 0 ,t f 0 


10 

- 

- 

10 

E 

1 


Average Input 
Capacitance, C| 


- 

5 


- 

5 

- 

pF 

| RESET OPERATION j 

Propagation Delay Time; 

5 

- 

500 

700 

- 

500 

800 

ns 

t PLH- t PHL 

10 

- 

250 

350 

- 

250 

400 

Minimum Reset Pulse 

5 

- 

375 

500 

- 

375 

600 

ns 

Width; % 

10 

- 

200 

300 

- 

200 

350 


* Propagation delay time is from input pulse to output. 



Fig. 12 — Quiescent-device-current test 
circuit. 



v oo 




~l NOTE. 

Vee TEST ANY COMBINATION 

ss e* iwoiit* 


92CS-2 7441 


Fig. 13 — Noise-immunity test circuit. 



Fig. 9 — Typical transition time vs. Cf_. 



Fig. 10— Typical dissipation characteristics. 



Fig. 11 — Typical input pulse frequency vs. Vqq- 


INPUTS 

V D0 

Mf>- - 

v ss 


T" 

Vss 


NOTE 

MEASURE INPUTS 
SEQUENTIAL, 

TO BOTH Vq 0 AND V ss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
v D d<*v ss 


Fig. 14— Input-leakage-current test circuit. 
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CD4026A, CD4033A Types 


COS/MOS Decade Counters/Dividers 

With Decoded 7-Segment Display Outputs and: 

Display Enable - CD4026A 
Ripple Blanking - CD4033A 


The RCA— CD4026A and CD4033A each 
consist of a 5-stage Johnson decade counter 
and an output decoder which converts 
the Johnson code to a 7-segment decoded 
output for driving each stage in a numerical 
display. 

These devices are particularly advantageous 
in display applications where low power 
dissipation and/or low package count are 
important. 

Inputs common to both types are CLOCK, 
RESET, & CLOCK INHIBIT; common 
outputs are CARRY OUT and the seven 
decoded outputs (a, b, c, d, e, f, g). Addi- 
tional inputs and outputs for the CD4026A 
include DISPLAY ENABLE input and 
DISPLAY ENABLE and UNGATED "C- 
SEGMENT" outputs. Signals peculiar to the 
CD4033 are RIPPLE-BLANKING INPUT 
and LAMP TEST INPUT and a RIPPLE- 
BLANKING OUTPUT. 

A high RESET signal clears the decade 
counter to its zero count. The counter is 
advanced one count at the positive clock 
signal transistion if the CLOCK INHIBIT 
signal is low. Counter advancement via the 
clock line is inhibited when the CLOCK IN- 
HIBIT signal is high. The CLOCK INHIBIT 
signal can be used as a negative-edge clock 
if the clock line is held high. Antilock gating 
is provided on the Johnson counter, thus 
assuring proper counting sequence. The CAR- 
RY-OUT (C out ) signal completes one cycle 
every ten CLOCK INPUT cycles and is used 
to clock the succeeding decade* directly in a 
multi-decade counting chain. 

The seven decoded outputs (a, b, c, d, e, f, g) 
illuminate the proper segments in a seven 
segment display device used for representing 
the decimal numbers 0 to 9. The 7-segment 
outputs go high on selection in the 
CD4033A; in the CD4026A theses outputs 
go high only when the DISPLAY ENABLE 
IN is high. 


multi-digit decimal number which results in 
an easily readable display consistent with 
normal writing practice. For example, the 
number 0050.07000 in an eight digit display 
would be displayed as 50.07. Zero suppres- 
sion on the integer side is obtained by con- 
necting the RBI terminal of the CD4033A 
associated with the most significant digit in 
the display to a low-level voltage and con- 
necting the RBO terminal of that stage to 
the RBI terminal of the CD4033A in the 
next-lower significant position in the dis- 
play. This procedure is continued for each 
succeeding CD4033A on the integer side of 
the display. 

On the fraction side of the display the RBI 
of the CD4033A associated with the least 
significant bit is connected to a low level 
voltage and the RBO of that CD4Q33A is 
connected to the RBI terminal of the 
CD4033A in the next more-significant-bit 
position. Again, this procedure is continued 
for all CD4033A's on the fraction side of the 
display. 

In a purely fractional number the zero 
immediately preceding the decimal point can 
be displayed by connecting the RBI of that 
stage to a high level voltage(instead of to the 
RBO of the next more-significant-stage). 
For Example: optional zero 0.7346. 
Likewise, the zero in a number such as 763.0 
can be displayed by connecting the RBI of 
the CD4033A associated with it to a high- 
level voltage. 

Ripple blanking of non-significant zeros 
provides an appreciable savings in display 
power. 

The CD4033A has a LAMP TEST input 
which, when connected to a high-level volt- 
age, overrides normal decoder operation and 
enables a check to be made on possible 
display malfunctions by putting the seven 
outputs in the high state. 


V DD 



Features: 

H Counter and 7-segment decoding in one package 

■ Easily interfaced with 7-segment display types 

■ Fully static counter operation: DC to 2.5 MHz 
(typ.) 

■ Ideal for low-power displays 

■ Display Enable Output (CD4026A) 

■ "Ripple Blanking" and Lamp Test (CD4033A) 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 

1 pA at 15 V (full package-temperature 
range) 

■ 1-V noise margin (full package-temper- 
ature range) 

Applications: 

■ Decade counting/7-segment decimal 
display 

■ Frequency division/7-segment decimal 
displays 

■ Clock/watches/timers 

(e.g. -r 60, -r 60, -r 12 counter/display) 

■ Counter/display driver for meter 
applications 

These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age ( E suffix), 1 6-lead ceramic flat package 
(K suffix), and in chip form (H suffix). 


CD4026A 

When the DISPLAY ENABLE IN is low the 
seven decoded outputs are forced low re- 
gardless of the state of the counter. Acti- 
vation of the display only when required 
results in significant power savings. This 
system also facilitates implementation of 
display-character multiplexing. 

The CARRY OUT and UNGATED"C-SEG- 
MENT" signals are not gated by the DIS- 
PLAY ENABLE and therefore are available 
continuously. This feature is a requirement 
in implementation of certain divider func- 
tions such as divide-by-60 and divide-by-12. 

CD4033A 

The CD4033A has provisions for automatic 
blanking of the non-significant zeros in a 


MAXIMUM RATINGS, Absolute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (T stg ) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (T A >: 

PACKAGE TYPES D, F, H . -55 to +125°C 

PACKAGE TYPE E -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vss Terminal): -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P D ) 

FOR T a = -40 to +60 °C (PACKAGE TYPE E ) 500 mW 

FOR T A = +60 to +85 °C (PACKAGE TYPE E ) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D, F) 500 mW 

FOR T A = +100 to +125°C (PACKAGE TYPES D, F) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1/32 inch (1 .59 ±0.79 mm) from case for 10 s max +265°C 
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CD4026A, CD4033A Types 


-¥r . 

CLOCK <U 
-* CLOCK 
INHIBIT 2 

* RESET°“{ 
■^DISPLAY 3 
ENABLE O- 

IN u 
V DD° „ 



ALL INPUTS ARE PROTECTED BY 
COS/MOS PROTECTION NETWORK 


(CLOCK -f W) 


]4 UNGATED "C" 


4 DISPLAY 
ENABLE 
OUT 


DESIGNATIONS 


tv ss 

Fig. 1 - CD4026A logic diagram. 


CLOCK 
INHIBIT 
DISPLAY 
ENABLE IN 
DISPLAY 
ENABLE OUT 



Fig. 2 — CD4026A timing diagram. 
c ^®^ K JTJTJTJTJTJTJTJTJTJXnJTJTJTJTJTJTJlJTJTJTJ\JT_IT_ 

RESET I — 

CLOCK INHIBIT p, 


SEGMENT f | g | b 
DESIGNATIONS «Q c 

-CM> d r^5 o c 0UT 

^(CLOCK -f 10) 

-T~X. „ 


* 1 ,s 

CLOCKo-T 
-KCLOCK 
INHIBIT 2 
15 r 
PRESET H 
3 

-X- RBI o — 

w 16 

v DDO 
GND O 8 





ALL INPUTS ARE PROTECTED 
BY COS/MOS PROTECTION 
NETWORK. 


Fig. 3 - CD4033A logic diagram. 

•OUNCE VOLT* (Voo ~ v OH> 


MAIN -TO- JOUNCE VOLTS I Vgo - V^H I 


■:* • • •• : 














i 



Lnumiu 



Fig. 6 — Minimum and typical output p-channel 
decoded drain characteristics 9 Vq^IO 
& 15 V. 


Fig. 7 — Typical output p-channel decoded 
drain characteristics as a function 
of temperature. 


0 I 5 3M5G109 0 I B H5E1B9 15 

92SM-447IR3 

Fig. 4 — CD4033A timing diagram. 

DRAIN -TO -SOURCE VOLTS (V 00 -V 0H ) 

—4 ^3 -2 - 1 1 0 

1 AMBIENT TEMPERATURE IT*) • 29*C I I H' f ff H 't I Li Hf° 

TYPICAL TEMPERATURE COEFFICIENT ± 

| FOR Ip. -0.5%^“" f ; ,EH 


- SUPPLY VOLTS I Voo) * *_£ 


_L®i " 

ICUT W- SEGMENT _|.2 


Fig. 5 — Minimum and typical output p-channel 
decoded drain characteristics @ Vqq b 3.5 
& 5 V. 


MtfMENT TEMPERATURE IT A y.23^C L 
8 TYPICAL TEMPERATURE COCFFICIENTL 

h POR ALL VALUES OF Voo*0.3%/*C £ 


0 10 20 SO 40 SO SO 70 SO 90' 

LOAD CAPACITANCE(C|_) — pF 

Fig. 8 — Typical propagation delay time vs. 

Cj_ for decoded outputs. 
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CD4026A, CD4033A Types 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


AMBIENT TEMPERATURE <T A >- 25*C 
TYPICAL TEMPERATURE FOR ALL 
600 VALUES OF V 00 -0.3%/»C 


CHARACTERISTIC 


Supply-Voltage Range {For T A = Full 
Package-Temperature Range) 


Clock Inhibit 
Setup Time, tg 


Clock Pulse Width, tyy 


Clock Input Frequency, fQ_ 


D,F,H 

Packages 


E UNITS 

Package 


I Uy23B d23! | 


5 330 

10 170 


1.5 dc 

3 dc 


Clock Rise or Fall Time, t r CL, tfCL 

5 

10 

Reset Pulse Width, % 

5 

10 

Reset Removal Time 

5 

10 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 


Quiescent Device 
Current II Max. 

Output Voltage: 
Low-Level, 

VQL 

High Level, 

VQH 

Noise Immunity: 
Inputs Low, 

VNL 

Inputs High, 

VNH 


Limits at Indicated Temperatures (°C) 


\F t H Packages 


E Package 


1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 

1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 




15 


15 

Ms 


LOAD CAPACITANCE (C L ) — pF 

Fig. 9 — Typical propagation delay time vs. 
Ci_ for carry outputs. 


AMBIENT TEMPERATURE (T A )-23*C r 

TYPICAL TEMPERATURE COEFFICIENT FOR [ 
ALL VALUES OF V..'0.5»/*C t 



vo 

V|N 

VDD 

-55 

+25 

+125 

-40 

+25 

+85 

(V) 

(V) 

(V) 

Typ. 

Limit 

Typ. 

Limit 

- 

- 

5 

5 

0.3 

5 

300 

50 

0.5 

50 

700 

- 

_ 

10 

10 

0.5 

10 

600 

100 

1 

100 

1400 

- 

- 

15 

50 

1 

50 

2000 

500 

5 

500 

5000 

- 

5 

5 

0 Typ.; 0.05 Max. 

- 

10 

10 

0 Typ.; 0.05 Max. 

- 

0 

5 



4.95 Min. 

5 Typ. 




- 

0 

10 



9.95 Min. 

10 Typ. 




Fig. 10 — Typical transition time vs. C[_ for 
Units decoded outputs. 


Noise Margin: 


4.5 

- 

5 

1 Min. 

VNML 


9 

- 

10 

1 Min. 

Inputs High, 


0.5 

- 

5 

1 Min. 

VNMH 


1 

- 

10 

1 Min. 

Output Drive 

Decoded 

0.5 

- 

5 

0.15 

0.24 

0.12 

0.09 

0.08 

0.24 

0.06 

0.05 

Current 

Outputs 

0.5 

- 

10 

0.32 

0.5 

0.25 

0.18 

0.15 

0.5 

0.12 

0.1 

n-Channel 

(Sink), 

Carry 

0.5 

- 

5 

0.12 

0.4 

0.15 

0.1 

0.095 

0.4 

0.08 

0.06 

IqN Min. 

Output 

0.5 

- 

10 

0.45 

1 

0.35 

0.25 

0.3 

1 

0.25 

0.2 

p-Channel 

Decoded 

4.5 

- 

5 

-0.21 

-0.28 

-0.14 

-0.1 

-0.09 

-0.28 

-0.07 

-0.06 

(Source), 

Outputs 

9.5 

- 

10 

-0.45 

-0.6 

-0.3 

-0.22 

-0.2 

-0.6 

-0.15 

-0.13 

•D p 

Mir* 

Carry 

4.5 

- 

5 

-0.12 

-0.4 

-0.15 

-0.1 

-0.095 

-0.4 

•0.08 

-0.06 

Min. 

Output 

9.5 


10 

-0.45 

-1 

-0.35 

-0.25 

-0.3 

-1 

-0.24 

-0.2 

Input Leakage 

Current, 

Any Input 

- 1 - Ms 

±10 5 Typ., ±1 Max. 
























CD4026A, CD4033A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t, # tf = 20 ns, C L = 15 pF, 

R l = 200 kSl 


CHARACTERISTIC 

TEST 

CONDITIONS 

LIMITS 

UNITS 

D,F,H 

Packages 

E 

Package / 


VDD 

(V) 




Min. 




§|||H 



5 

- 



a 



ns 

10 

- 



a 



Decode Out Lines 


5 

_ 


IBBI 

_ 

ESS 

E5! 

ns 

10 

- 


ja 

- 



Transition Time; 

tTHL'tTLH 

Carry Out Line 


5 

- 



- 

Q3| 

jf*^| 


10 

- 



- 



Decode Out Lines 


5 

_ 

PS1 

BB1 




ns 

10 

- 

BEE1 


- 


1EE1 

Maximum Clock Input 
Frequency, fci_ A 


5 


E3 

- 

i 

2.5 

- 

Q 

10 

3 

5 

- 

2 

5 

- 

Min. Clock Pulse Width, 
t W 

5 

- 

200 

330 

- 



B 


- 



- 


BS 

Clock Rise & Fall Time; 
t r CL, tfCL 


5 

10 

a 

a 

i 

a 

a 

15 

15 

fJS 



5 

- 

rai 

Effil 

- 

175 

700 

ns 

mm 


e m 


- 

mm 

BcTSTB 

Average Input 
Capacitance, C| 

Any Input 

- 

a 

a 

a 

a 

a 

pF 


B 


5 

- 

mn 


- 


iBsa 

ns 


B 

121 


- 

mi 


To Decode Out Lines 


5 

- 


1EHH1 

- 




10 

- 



- 


1ET1 

Min. Reset Pulse Width 
t w 


5 

- 


E3 

- 

200 

500 


10 

- 

100 

165 

- 

100 

250 

Min. Reset Removal 

Time 


5 

- 

300 

750 

- 

300 

1000 

ns 

10 

- 

100 

225 

- 

100 

275 


A Measured with respect to carry out line. 



O 10 20 30 40 30 60 70 80 

LOAD CAPACITANCE (C L 1— pF 

92CS-I78798I 


Fig. 1 1 — Typical transition time vs. Cj_ for 
carry output. 



Fig. 12 — Maximum input dock frequency vs. 


V DD- 




Fig. 14 — Noise immunity test circuit 


v DO 



Fig. 15 — Quiescent-device-current test circuit. 



NOTE 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH V DD AN0V53 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
v D 0 0rv SS 


*2 CS-2M02 


Fig. 16 — -Input t-leakage-current test circuit. 
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CD4027A Types 

COS/MOS Dual J-K Master-Slave Flip-Flop 


The RCA-CD4027A is a single monolithic 
chip integrated circuit containing two iden- 
tical complementary-symmetry J-K master- 
slave flip-flops. Each flip-flop has provisions 
for individual J, K, Set, Reset,_and Clock in- 
put signals. Buffered Q and Q signals are 
provided as outputs. This input-output ar- 
rangement provides for compatible opera- 
tion with the RCA-CD4013A dual D-type 
flip-flop. 


The CD4027A is useful in performing con- 
trol, register, and toggle functions. Logic 
levels present at the J and K inputs along 
with internal self-steering control the state 
of each flip-flop; changes in the flip-flop 
state are synchronous with the positive-going 
transition of the clock pulse. Set and reset 
functions are independent of the clock and 
are initiated when a high level signal is pres- 
ent at either the Set or Reset input. 


Supply-Voltage Range (For T^ = Full 
Package-Temperature Range) 


Data Setup Time, tg 

Clock Pulse Width, t ^ 

Clock Input Frequency (Toggle 
Mode) f CL 

Clock Rise or Fall Time, t r CL,* tfCL 
Set or Reset Pulse Width, t w 



K|'ji_ F/F. 
CLOCKi — — 
RESET, — — — U 
SET 2 — 

J 2-f — [ 

k 2-|— F/F2 
CLOCKg — — 

— I — 



MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F. H -55to+125°C 

PACKAGE TYPE E -40 to +85° C 

DC SUPPLY -VOLTAGE RANGE, (V DD ) 

(Voltages referenced to V ss Terminal): -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE <P D ): 

FOR T a = -40 to +60° C (PACKAGE TYPE E ) 500 mW 

FOR T a = +60 to +85° C (PACKAGE TYPE E ) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D,F ) 500 mW 

FOR T A = +100 to +125°C (PACKAGE TYPES D,F) .... Derate Linearly at 12 mW/’C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FORT A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 

RECOMMENDED OPERATING CONDITIONS at T A =2^C, Except as Noted. 

For maximum reliability , nominal operating conditions should be selected so that 
operation is always within the following ranges. 


CHARACTERISTIC 


CD4027A 

FUNCTIONAL DIAGRAM 


These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat package 
(K suffix), and in chip form (H suffix). 


Features: 

■ Set-Reset capability 

■ Static flip-flop operation-retains state 

indefinitely with clock level either 
"high" or "low" 

■ Medium-speed operation-10 MHz (typ.) 

clock toggle rate at 10V 

■ Quiescent current specified to 1 5 V 

■ Maximum input leakage of 1 /iA at 15 V 

(full package-temperature range) 

■ 1-V noise margin (full package-tempera- 

ture range) 

Applications 

■ Registers, counters, control circuits 


AMBIENT TEMPERATURE (T*) • 25*C I 
TYPICAL TEMPERATURE COEFFICIENT : 
30 1 FOR Ip-0.3%/*C r- 



0RAIN- TO -SOURCE VOLTS (Vos) 


Fig. 1 — Typical n-channel drain characteristics. 


*lf more than one unit is cascaded in a parallel clocked operation, tCL should be made less than or equal to 
the sum of the fixed propagation delay time at 15 pF and the transition time of the output driving stage 
for the estimated capacitive load. 
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CD4027A Types 


STATIC ELECTRICAL CHARACTERISTICS 





1 

LIMITS AT INDICATED TEMPERATURES (°C) ] 



CONDITIONS 

D, F 

, H PACKAGES | 

E PACKAGE 


CHARACTERISTICS 

V 0 

V IN 

(V) 

— < 

< o 
— o 

-55 

+25 

+125 


+25 

+85 

UNITo 


(V) 

TYP. 

LIMIT 

-40 

TYP. 

LIMIT 





5 

1 

0.005 

1 

60 

10 

0.01 

10 

140 


Quiescent Device 
Current, Max. 



10 

2 

0.005 

2 

120 

20 

0.05 

20 

280 

ma 



15 

25 

0.5 

25 

1000 

250 

2.5 

250 

2500 


Output Voltage: 

- 

0.5 

5 


0 Typ.; 

C.05 Max 





V 0L 

_ 

0.10 

10 

0 Typ.; 0.05 Max 


High Level 

_ 

0.5 

5 



5 Typ.; 

4.95 Min. 




V 

V 0H 

- 

0.10 

10 

10 Typ.; 9.95 Min. 


Noise Immunity: 

4.2 

_ 

5 

2.25 Typ.; 1.5 Min. 


V NL 

9 

- 

10 

4.5 Typ.; 3 Min. 


Inputs High 

0.8 

_ 

5 

2.25 Typ.; 1.5 Min. 

V 

V NH 

1 

" 

10 

4.5 Typ.; 3 Min. 


Noise Margin: 

Inputs Low 

4.5 

_ 

5 

1 Min. 


V NML 

9 

- 

10 

1 Min. 


Inputs High, 

0.5 

- 

5 

1 Min. 

V 

V NMH 

1 

- 

10 

1 Min. 


Output Drive 













Current: 

N Channel 

0.5 


5 

0.65 

1 

0.5 

0.35 

0.35 

1 

0.3 

0.24 


(Sink). 

0.5 

- 

10 

1.25 

2.5 

1 

0.75 

0.72 

2.5 

0.6 

0.5 


I d N Min. 












mA 

P-Channel 

(Source): 

4.5 

- 

5 

-0.31 

-0.5 

-0.25 

-0.175 

-0.17 

-0.5 

-0.14 

-0.12 


IqP Min. 

9.5 

- 

10 

-0.8 

-1.3 

-0.65 

-0.45 

-0.4 

-1.3 

-0.33 

-0.27 


Input Leakage 













Current, 

Any 











'lL' 'lH 

Input 

1 

15 



±10“^ Typ., ±1 Max. 




juA 


*7(9)0 



CL CL 





*ALL INPUTS ARE ■ 
PROTECTED BY ss 

COS/MOS PROTECTION 
NETWORK 


Fig. 2 — Logic diagram & truth table for CD4027A 
(one of two identical J-K flip flops). 
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Fig. 3 — Typical p-channel drain 
characteristics. 



DRAIN - TO — SOURCE VOLTS 


Fig. 4 — Minimum n-channel drain 
characteristics. 



Fig. 5 - Minimum p-channel drain 
characteristics. 



Fig. 6 — Typical propagation delay 
time vs. C, . 











CD4027A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 

at T a = 25'C, Input t r t f = 20 ns, C L = 15 pF, R j_ = 200 kSl 


CHARACTERISTIC 

Q — 

Q > 

> ~ 

LIMITS 

UNITS 

D, F, H 
PACKAGES 

E 

PACKAGE 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Propagation Delay 









Time: Clock to Q 

5 

_ 


400 

_ 

150 

400 


or Q Outputs 








ns 

tPHL, tPLH 

10 



200 


75 

150 


Set to Q or Reset to Q y 

5 

- 

175 

225 





t PLH 

10 

- 

75 

110 

1 




Set to Q or Reset to Q, 

5 

- 

175 

225 

n 



■ 

*phl 

10 

- 

75 

110 

H 




Transition Time 

5 

- 

75 

125 

■ 




tTHL, tJLH 

10 

- 

50 

70 





Maximum Clock Input 

5 

1.5 

3 

- 

i 

3 

- 


Frequency (Toggle 

10 

4.5 

8 

- 

3 

8 

- 

MHz 

Mode)fQ L 









Minimum Clock Pulse 

5 

- 

165 

330 

- 




Width, t w 

10 

- 

65 

110 

- 





5 

- 

125 

E33 

H 

125 


■ 

Reset Pulse Width, 

10 

_ 

50 

80 


50 


1 

% 







H N 

: 

Minimum Data Setup 

5 

- 

70 

150 

- 

70 

200 


Time, tg 

10 

- 

25 

50 

- 

25 

75 

ns 

Clock Rise or Fall 

5 

_ 

_ 

15 

_ 

_ 

15 


Time^rCL- tfCL 

10 

- 

- 

5 

- 

- 

5 

us 

Average Input 

Any 








Capacitance, C| 

Input 

- 

5 


- 

5 

- 

pF 



Fig-7 — Typical transition time vs. C^. 



Fig. 8 — Typical maximum dock input frequency 
vs. supply voltage. 



Fig.9 — Typical dissipation characteristics. 



Z 



V D0 



Fig. 10 - Noise immunity test circuit. Fig. 1 1 - input leakage current test circuit. 


Fig. 12 — Quiescent device current test circuit. 
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CD4028A Types 


COS/MOS 

BCD-to-Decimal Decoder 


The RCA-CD4028A types are BCD-to- 
decimal or binary-to-octal decoders consist- 
ing of pulse-shaping circuits on all 4 inputs, 
decoding-logic gates, and 10 output buffers. 
A BCD code applied to the four inputs, A to 
D, results in a high level at the selected one 
of 10 decimal decoded outputs. Similarly, a 
3-bit binary code applied to inputs A 
through C is decoded in octal code at output 
0 to 7. A high-level signal at the D input 
inhibits octal decoding and causes outputs 


0 through 7 to go low. If unused, the D 
input must be connected to VsS- High drive 
capability is provided at all outputs to en- 
hance dc and dynamic performance in high 
fan-out applications. 

These types are supplied in 1 6-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat package 
(K suffix), and in chip form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 



(—BUFFERED 
OCTAL 
DECODED 
OUTPUTS 
1 1 OF B I 


BUFFERED 

DECIMAL 

OECOOEO 

OUTPUTS 

UOFlO) 


CD4028A 

FUNCTIONAL DIAGRAM 


STORAGE-TEMPERATURE RANGE <T stg ) -65 to +1 50 c C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F,H -65to+125°C 

PACKAGE TYPE E -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE. (V DD ) 

(Voltages references to Vss Terminal) -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P D ): 

FOR T A = -40 to +60° C (PACKAGE TYPE E ) 500 mW 

FOR T A = +60 to +85° C (PACKAGE TYPE E ) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D,F) 500 mW 

FOR T A = +100to+125°C (PACKAGE TYPES D.F) . .. Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max ; +265°C 


Features: 

B BCD -to -decimal decoding or binary-to-octal 
decoding 

a High decoded output drive capability. . . 

... 8 mA (typ.) sink or source 
° "Positive logic" inputs and outputs. . . 

. . . decoded outputs go high on selection 

■ Medium-speed operation . . . 

• • ■ tJHLf tjLH = 30 ns (typ.) @ VqD = 10 V 

» Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 juA 
at 15 V (full package-temperature range) 

n 1-V noise margin (full package-temper- 
ature range) 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 




LIMITS 


CHARACTERISTIC 

o — . 

□ > 

> ~ 

D. F, H 
PACKAGES 

E 

PACKAGE 

UNITS 



MIN. 

MAX. 

MIN. 

MAX. 


Supply-Voltage Range (ForTA=Full 
Package-Temperature Range) 


3 

12 

3 

12 

V 


Applications: 

■ Code conversion 

a Address decoding— memory selection 
control 

a Indicator-tube decoder 



92CS-t909SRl 


DRAIN - TO- SOURCE VOLTS <V 0S > 




Fig. 1 — Typical output n-channe I drain 
characteristics. 


Fig. 2 — Typical output p-channel drain 
characteristics. 


Fig. 3 — Typical propagation delay time 
vs. C[_. 
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CD4028A Types 



STATIC ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 

UNITS 

D, F, H PACKAGES | E PACKAGE 

Vo 

(V) 

V|N 

(V) 

VDD 

(V) 

-55 

+25 


-40 

+25 


TYP. 

LIMIT 


TYP. 

LIMIT 


Quiescent Device 

Current, II Max. 

- 

- 

5 

5 

0.5 

5 

300 

50 

5 

50 

700 

pA 

- 

- 

10 

10 

1 

10 

600 

100 

10 

100 

1400 

- 

- 

15 

50 

1 

50 

2000 

500 

10 

500 

5000 

Output Voltage: 
Low-Level, 

VOL 

- 

5 

5 

0 Typ.; 0.05 Max. 

V 

- 

10 

10 

0 Typ. , 0.05 Max. 

High Level 

VOH 

- 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 

Inputs Low, 

VNL 

42 

- 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 

VNH 

0.8 

- 

5 

1.5 Min.; 2.25 Typ. 

1 

- 

10 

3 Min. ;4. 5 Typ. 

Noise Margin: 

Inputs Low, 

VNML 

4.5 

- 

5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High, 

vnmh 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 

Current 

N -Channel 
(Sink), 

IDN Min. 

0.5 


5 

0.75 

1.2 

0.6 

0.45 

0.35 

1.2 

0.3 

0.25 

mA 

0.5 

- 

10 

1.5 

2.4 

1.2 

0.9 

0.7 

2.4 

0.6 

0.5 

P-Channel 

(Source), 

IqP Min. 

4.5 

- 

5 

-0.7 

-0.9 

-0.45 

-0.32 

-0.32 

-0.9 

-0.22 

-0.18 

9 

- 

10 

-1.4 

-1.9 

-0.95 

-0.65 

-0.65 

-1.9 

-0.48 

-0.4 

Input Leakage 

Current, 

1 IL» IlH 

A 

,ny ln| 

put 

l ^ 

±10 5 Typ., ±1 Max. 

pA 


TABLE I - TRUTH TABLE 


D 

c 

B 

A 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

1 

n 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 


* WHERE I = HIGH LEVEL 
0 = LOW LEVEL 


*-* EXTRAORDINARY 
STATES 



Fig. 5 - Typical transition time vs. C[_. 
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Fig. 6 - Maximum propagation delay time vs. 
VDD- 



Fig. 7 - Dissipation vs. input frequency. 
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CD4029A Types 


COS/MOS Presettable Up/Down Counter 

Binary or BCD-Decade Features: 


The RCA-CD4029A consists of a four-stage 
binary or BCD-decade up/down counter with 
provisions for look-ahead carry in both 
counting modes. The inputs consist of a 
single CLOCK, CARRY-IN (CLOCK INHI- 
BIT), BINARY/DECADE, UP/DOWN, PRE- 
SET ENABLE, and four individual JAM sig- 
nals and a CARRY OUT signal are provided 
as outputs. 

A high PRESET ENABLE signal allows 
information on the JAM INPUTS to preset 
the counter to any state asynchronously with 
the clock. A low on each JAM line, when the 
PRESET-ENABLE signal is high, resets the 
counter to its zero count. The counter Is 
advanced one count at the positive transition 
of the clock when the CARRY-IN and PRE- 
SET ENABLE signals are low. Advancement 
is inhibited when the CARRY-IN or PRESET 
ENABLE signals are high. The CARRY-OUT 
signal is normally high and goes low when 
the counter reaches its maximum count in 
the UP mode or the minimum count in the 
DOWN mode provided the CARRY-IN sig- 
nal is low. The CARRY-IN signal in the high 
state can thus be considered a CLOCK 
INHIBIT. The CARRY-IN terminal must be 
connected to Vgg when not in use. 

Binary counting is accomplished when the 
BINARY/DECADE input ishigh;the counter 
counts in the decade mode when the BI- 
NARY/DECADE input is low. The counter 
counts Up when the UP/DOWN INPUT is 
high, and Down when the UP/DOWN INPUT 


Features: 

■ Medium speed operation ... 5 MHz (typ.) 

@ C l =15 pF and VdD” v SS =1 ° V 

■ Multi-package parallel clocking for synchronous 
high speed output response or ripple clocking 
for slow clock input rise and fall times 

■ "Preset Enable" and individual "Jam" inputs provided 

■ Binary or decade up/down counting 

■ BCD outputs in decade mode 

■ Quiescent current specified to 15 V 

a Maximum input leakage current of 1 /lzA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package- 
temperature range) 

Applications: 

■ Programmable binary and decade 

counting/frequency synthesizers-BCD output - 

■ Analog to digital and digital to [ <oc 

analog conversion £ 

■ Up/Down binary counting L K 

■ Magnitude and sign generation ^ 

■ Up/Down decade counting jK K 

■ Difference counting 5 


is low. Multiple packages can be connected 
in either a parallel-clocking or a ripple- 
clocking arrangement as shown in Fig. 13. 

Parallel clocking provides synchronous con- 
trol and hence faster response from all 
counting outputs. Ripple-clocking allows for 
longer clock input rise and fall times. 

These typesare supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age ( E suffix), 1 6-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


CARRY IN 
(CLOCK 
INHIBIT) 5 


12 3 4 ? 

4 I 2 I 13 I 3 I 16 


RECOMMENDED OPERATING CONDITIONS at T A =25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so 
that operation is always within the following ranges: 


CHARACTERISTIC 


Supply-Voltage Range (For T A =Full 
Package-Temperature Range) 

Setup Time, tg* 

Clock Pulse Width, tyy 
Clock Input Frequency, f q|_ 

Clock Rise or Fall Time, t r CL,tfCL“ * 
Preset Enable Pulse Width, tyy 


From Up/Down, Binary/Decode, Carry In, or Preset Enable Control Inputs to Clock Edge. 
*lf more than one unit is cascaded in the parallel clocked application, t f CL should be made 
less than or equal to the sum of the fixed propagation delay at 15 pF and the transition 
time of the carry output driving stage for the estimated capacitive load. 


LIMITS | 

D,F 

Pac 

,H 

<ages 

E 

Package 

Min. 

Max. 

Min. 

Max. 

3 

12 

3 

12 

650 

230 

: 

1300 

460 

- 

340 

170 

- 

500 

250 

- 

dc 

dc 

1.5 

3 

dc 

dc 

1 

2 

- 

15 

15 

- 

15 

15 

330 

160 

- 

660 

320 

- 


CD4029A 
Functional Diagram 


1 AMBIENT TEMPERATURE IT A ) ■ 25*C 

i TYPICAL TEMPERATURE COEFFICIENT FOR ALL VALUES ~ 
I OF Voo*03%/‘C 



LOAD CAPACITANCE IC L 1 — pF 


Fig. 1- Typical propagation delay time vs. 
C L for Q outputs. 



Fig. 2- Typical propagation delay time vs. 
Cf_ for carry output. 


AMBIENT TEMPERATURE IT A I *29 *C | 

: s% 
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tint In m tin 


txxnmutnu 

illiiti 

mssmssssmm^-d 

mV.:ZV.\VA\ 


m Ki 


Ijjjjjjjjji 


mmm 

WBrnsssmuosm 

HHH 

Mr 'iiiiiMMmuiim 



Fig. 3— Typical transition time vs. Cj_ 
for Q outputs. 
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MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D,F,H -55 to +125°C 

PACKAGE TYPE E -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to V 25 Terminal) -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P D ): 

FOR T A =— 40 to +60°C (PACKAGE TYPE E ) 500 mW 

FOR T a =+60 to +85°C (PACKAGE TYPE E ) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A =-55 to +100°C (PACKAGE TYPES D.F) 500 mW 

FOR T A =+100 to + 1 25°C (PACKAGE TYPES D,F ). Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

FOR T a =FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS 0.5 to V DD t0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch ( 1 .59 ± 0.79 mm) from case for 10 s max *265°C 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A =25°C, Input t r ,tf=20 ns, 
C l =15 pF, R l =200 kn 


CHARACTERISTIC 

TEST 

LIMITS 

UNITS 

CONDITIONS 

d,f,h 

Packages 

E 

Package 


V DD 

(V) 

Min. | Typ. | Max. 

Min. [ Typ.| Max. 

Clocked Operation j 

Propagation Delay Time: 

t PHL' r PLH 

Q Outputs 


5 


325 

650 


325 

1300 

ns 

10 

- 

115 

230 

- 

115 

460 

Carry Output 


5 

- 

425 

850 

- 

425 

1700 

10 

- 

150 

300 

- 

150 

600 

Transition Time: 

X THL' t TLH 

Q Outputs 


5 


100 

200 


100 

400 

ns 

10 

- 

50 

100 

- 

50 

200 

Carry Output 


5 

- 

200 

400 

- 

200 

800 

10 

- 

100 

200 

- 

100 

400 

Minimum Clock Pulse 
Width, ty \j 


5 

- 

200 

340 

- 

200 

500 

ns 

10 

- 

100 

170 

- 

100 

250 

Clock Rise & Fall Time, 
t r CL, t f CL* * 


5 

- 

- 

15 

- 

- 

15 

Us 

10 

- 

- 

15 

- 

- 

15 

Minimum Setup Times, 
t S* 


5 

- 

325 

650 

- 

325 

1300 

ns 

10 

- 

115 

230 

- 

115 

460 

Maximum Clock Input 
Frequency, f q |_ 


5 

1.5 

2.5 

- 

1 

2.5 

- 

MHz 

10 

3 

5 

- 

2 

5 

- 

Input Capacitance, C| 

Any Input 

- 

5 

- 

- 

5 

- 

pF 

Preset Enable | 

Propagation Delay Time: 

t PHL- tPLH 

Q Outputs 


5 

_ 

325 

650 


325 

1300 

ns 

10 

- 

115 

230 

- 

115 

460 

Carry Output 


5 

- 

425 

850 

- 

425 

1700 

10 

- 

150 

300 

- 

150 

600 

Minimum Preset Enable 
Pulse Width, tyy 


5 

- 

115 

330 

- 

115 

660 

ns 

10 

- 

80 

160 

- 

80 

320 

Minimum Preset Enable 

Removal Time 


5 

- 

325 

650 

- 

325 

1300 

ns 

10 

- 

115 

230 

- 

115 

460 

Carry Input | 

Propagation Delay Time: 

tPHL' t PLH 

Carry Output 


5 


175 

350 


175 

700 

ns 

10 

- 

50 

100 

- 

50 

200 


For footnotes, see Recommended Operating Conditions. 


CD4029A Types 



0 20 40 to ao 100 120 

LOAD CAPACITANCE (C L I — pF 


92CS- I9I0B 


Fig. 4— Typical transition time vs. Cj_ 
for carry output. 



92CS- 19109 

Fig. 5- ^Maximum dock input frequency 
vs. V DD . 


V DO 



Fig. 6- Quiescent-device-current 
i test circuit. 



F^f 


NOTE. 

TEST ANY ONE INPUT. V SS 
WITH OTHER INPUTS AT 
Vdo ORVss 


92CS- 27400 


Fig. 7- Noise-immunity test circuit. 


MD- H 


MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH V 0D AN0 V ss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
V m 



F'9- & Input-leakage-current test circuit. 
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CD4029A Types 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 


Quiescent 
Device 
Current, 
l L Max. 
Output 
Voltage: 
Low-Level, 
v OL 

High-Level, 
V OH 
Noise 
Immunity : 
Inputs Low, 

Vnl 

Inputs High, 

Vnh 

Noise 
Margin : 
Inputs Low, 
V NML 
Inputs High, 
V NMH 
Output 


Limits at Indicated Temperatures (°C) 

D,F,H Packages 1 E Package 


I0 6 AMBIENT TEMPERATURE (T A )*25*C 
INPUT t r *t f «20n« 

— i i nr r i r tt 


v O 

V|N 

V DD 

-55 

+25 

+125 

-40 1 

+25 | +85 | 

(V) 

(V) 

(V) 


Typ. 

Limit 


| Typ. | Limit | | 

_ 

_ 

5 

5 

0.3 

5 

300 

50 

0.5 50 700 

- 

- 

10 

10 

0.5 

10 

600 

100 

1 100 1400 

- 

- 

15 

50 

1 50 

2000 

500 

5 500 5000 


5 

5 




0 Typ.; 

0.05 Max 


- 

10 

10 




0 Typ.; 

0.05 Max 


- 

0 

5 

4.95 Min.; 5 Typ. j 


9.95 Min.; 10 Typ. 


1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 

1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 


Drive Cur- 
rent: 

N-Channel 
(Sink), l D N 
Min. 

O O | if r\ | iff 

0.5 


5 

0.5 

0.8 

0.4 

0.28 

0.24 

0.8 

0.2 

0.16 

vi VJUipUlS 

0.5 

- 

10 

0.74 

1.2 

0.6 

0.42 

0.36 

1.2 

0.3 

0.24 

Carry Out- 

0.5 

- 

5 

0.1 

0.16 

0.08 

0.06 

0.05 

0.16 

0.04 

0.03 

put 

0.5 

- 

10 

0.4 

0.64 

0.32 

0.22 

0.19 

0.64 

0.16 

0.13 

P-Channel 

(Source), 

1 qP Min. 

O Oi itni itc 

4.5 


5 

-0.18 

-0.24 

-0.12 

-0.08 

-0.07 

-0.24 

-0.06 

-0.05 

Vi uuipuib 

9.5 

- 

10 

-0.3 

-0.4 

-0.2 

-0.14 

-0.14 

-0.4 

-0.1 

-0.08 

Carry Out- 

4.5 

- 

5 

-0.09 

-0.12 

-0.06 

-0.04 

-0.04 

-0.12 

-0.03 

-0.02 

put 

9.5 

- 

10 

-0.15 

-0.2 

-0.1 

-0.07 

-0.07 

-0.2 

-0.05 

-0.04 


Input 
Leakage 
Current, 
'lL' 1 IH 




Any Input 


* Typ., ±1 Max. 



Pig. 9— Typical dissipation characteristics. 
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I I CD 40 IIA 1 

L QUAD 2 INPUT NAND GATE I 

I 92CS - I7I95RI 

Fig. 10-Conversion of dock up, dock down 
input signals to clock and up/down 
input signals. 


The CD4029A CLOCK and UP/DOWN inputs 
are used directly in most applications. In 
applications where CLOCK UP and CLOCK 
DOWN inputs are provided, conversion to 
the CD4029A CLOCK and UP/DOWN inputs 
can easily be realized by use of the circuit 
shown below. 

CD4029A changes count on positive transi- 
tions of CLOCK UP or CLOCK DOWN 
inputs. For the gate configuration shown 
below, when counting up the CLOCK DOWN 
input must be maintained high and conversely 
when counting down the CLOCK UP input 
must be maintained high. 



CLOCK TE PE J Q g 







Pb 


n 



TE 0 2 

q 2 

i°tf 

Q-i 

PE 0 

TE 03 + 

— 


. .L- 

p- 

H> J 


NO COUNTER 
ADVANCE AT POS 
CLOCK TRANSITION 
ADVANCE COUNTER 
AT POS CLOCK 
TRANSITION 


i TRUTH TABLE FOR F-F S 2,3,4 

Fig. 1 1— Logic diagram. 
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CD4030A Types 


COS/MOS 

Quad Exclusive-OR Gate 


The RCA-CD4030A types consist of four in- 
dependent Exclusive-OR gates integrated on 
a single monolithic silicon chip. Each Ex- 
clusive-OR gate consists of four n-channel and 
four p-channel enhancement-type transistors. 
All inputs and outputs are protected against 
electrostatic effects. 


These types are supplied in 14-lead hermetic- 
dual-in-line ceramic packages (D and F 
suffixes), 14-lead dual-in-line plastic pack- 
age (E suffix), 14-lead ceramic flat package 
(K suffix), and in chip form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE (T stq ) 

OPERATING TEMPERATURE RANGE <T A ) 

PACKAGE TYPES D. F. H 
PACKAGE TYPE E 

DC SUPPLY-VOLTAGE RANGE. IVqqI 

(Voltages referenced to V SS Terminal ) 

POWER DISSIPATION PER PACKAGE (P n > 


55 to + 125°C 
40 to +85°C 


500 mW 
at 12 mW /0 C to 200 mW 
500 mW 
t 12 mW °C to 200 mW 


FOR T a = - 40 to + 60°C (PACKAGE TYPE E ) 

FOR T a - +60 to + 85°C (PACKAGE TYPE E ) Derate Linearly at 

FOR T a -- 55 to + 100°C (PACKAGE TYPES D. F ) 

FOR T a = +100 to ♦ 125°C (PACKAGE TYPES D. F ) Derate Linearly at 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE TEMPERATURE RANGE (ALL PACKAGE TYPES/ 
INPUT VOLTAGE RANGE. ALL INPUTS 
LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 ± 1/32 inch (1 59 ♦ 0 79 mm) from case for 10 s max 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C. 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 




LIMITS 



CHARACTERISTIC 

D,F,H 

Packages 

E 

Package 

UNITS 


Min. 

Max. 

Min. 

Max. 


Supply Voltage Range (For T A = Full 
Package Temperature Range) 

3 

12 

3 

12 

V 

*ALL INPUTS ARE 

PROTECTED BY 

COS/MOS PROTECTION 

NETWORK 



(pc 

)D 



TRUTH TABLE FOR ONE OF 
FOUR IDENTICAL GATES 



A 

B 11 J 1 

0 

o 

o 

1 

0 II 1 

0 

1 I 1 

1 

1 H 0 


t*Jp 3/4,IO,ll\ 

i — | jVk.l.m/ 


WHERE "1” = HIGH LEVEL 
"0" = LOW LEVEL 


ALL P-CHANNEL SUBSTRATES 
ARE INTERNALLY CONNECTED TO V DD 
ALL N-CHANNEL SUBSTRATES 
ARE INTERNALLY CONNECTED TO V ss 


Fig. 1 — Schematic diagram for 1 of 4 identical exclusive-OR gates. 

For quiescent device current, noise immunity, and input leakage current test circuits see "Ratings and 
Characteristics" at the beginning of the COS/MOS section. 



Features: 

■ Medium speed operation. . . 

• ■ tPHL = tPLH = 40 ns (typ.) @ Cl = 15 pF 
and Vdd-V$s = 10 V 

■ Low output impedance. . . 

. . .500^ (typ.) @ Vdd-Vss = 10 V 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 juA 
at 15 V (Full package-temperature range) 

■ 1-V noise margin (full package-temper- 
ature range) 

Applications: 

■ Even and odd-parity generators 
and checkers 

■ Logical comparators 

■ Adders/subtractors 

■ General logic functions 


AMBIENT TEMPERATURE (T A 1* 23 *C 
TYPICAL TEMPERATURE COEFFICIENT I 
FOR Ip »-0.3 %/*C - 


DRAIN -T0-S0URCE VOLTS (V DS ) 


Fig. 2 — Typical output n-channel 
drain characteristics. 




M' 

11 

■I 

m 

AMBIENT TEMPi 

ERATURE (T, 


iATE -TO -SOURCE VOLTS (V cs l*-I3 V 


Fig. 3 — Typical output p-channel 
drain characteristics. 
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CD4030A Types 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) J 

Units 

D,F,H Packages 

E Package 

vo 

(V) 

V| N 

(V) 

VDD 

(V) 

-55 

+25 

+125 

-40 

+25 

+85 

Typ. 

Limit 

Typ. 

Limit 

Quiescent Device 
Current II Max. 

- 

- 

5 

0.5 

0.005 

0.5 

30 

5 

0.05 

5 

70 

pA 

- 

- 

10 

1 

0.01 

1 

60 

10 

0.1 

10 

140 

- 

- 

15 

25 

0.5 

25 

1000 

250 

2.5 

250 

2500 

Output Voltage: 
Low Level, 

VOL 

_ 

5 

5 

0 Typ.; 0.05 Max. 

V 

- 

10 

10 

0 Typ.; 0.05 Max. 

High Level 

VOH 

- 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 

vnl 

3.6 


5 

1.5 Min.; 2.25 Typ. 

V 

7.2 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 

vnh 

1.4 

- 

5 

1.5 Min.; 2.25 Typ. 

2.8 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 
Inputs Low, 
VNML 

4.5 


5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High, 

vnmh 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 
Current: 

N Channel 
(Sink) 

IpN Min. 

0.5 


5 

0.75* 

1.2 

0.6 

0.45 

0.35 

1.2 

0.3 

0.25 

mA 

0.5 

- 

10 

1.5 

2.4 

1.2 

0.9 

0.7 

2.4 

0.6 

0.5 

P Channel 
(Source): 
l D P Min. 

4.5 

_ 

5 

-0.45 

-0.6 

-0.3 

-0.21 

-0.21 

-0.6 

-0.15 

-0.12 

9.5 

- 

10 

-0.95 

-1.3 

-0.65 

-0.45 

-0.45 

-1.3 

-0.32 

-0.25 

Input Leakage 
Current 

1 1 L. 'IH 

Any Input 
- | - | 15 


± 10“ ^ Typ., ± 1 Max. 

juA 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t p tf = 20 ns, 

C L = 15 pF, R L = 200 k£2 




LIMITS 


Characteristic 

Test Conditions 

D,F,H 



E 


Units 



VDD 

Packages 

Package 





(V) 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Propagation Delay 
Time ; 

tPLH. tpHL 


5 

- 

100 

200 

- 

100 

300 

ns 


10 

- 

40 

100 

- 

40 

150 

Transition Time: 
High-to-Low 

Level, tjHL 


5 


70 

150 


70 

300 



10 


25 

75 

- 

25 

150 

ns 

Low-to-High 


5 

- 

80 

150 


80 

300 

Level, tjLH 


10 

- 

30 

75 

- 

30 

150 


Average Input 
Capacitance, C| 

Any Input 

- 

5 

- 

- 

5 

- 

pF 



Fig. 4 — Typical propagation-delay 
time vs. load capacitance. 



SUPPLY VOLTS I V 0D ) 


Fig. 5 - Maximum propagation-delay 
time vs. supply voltage. 



Fig. 6 — Typical dynamic power dis- 
sipation characteristics. 



Fig. 7 — Typical transition time 
vs. load capacitance. 
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CD4031A Types 


COS/MOS 64-Stage Static Shift Register 


The RCA-CD4031A is a 64-stage static shift 
register in which each stage is a D-type, 
master-slave flip-flop. 

The logic level present at the DATA input is 
transferred into the first stage and shifted 
one stage at each positive-going clock transi- 
tion. Maximum clock frequencies up to 
4 Megahertz (typical) can be obtained. Be- 
cause fully static operation is allowed, 
information can be permanently stored with 
the clock line in either the low or high state. 
The CD4031A has a MODE CONTROL in- 
put that, when in the high state, allows 
operation in the recirculating mode. Register 
packages can be cascaded and the clock lines 
driven directly for high speed operation. 
Alternatively, a delayed clock output (CL^) 
is provided that enables cascading register 
packages while allowing reduced clock drive 
fan-out and rise- and fall-time requirements. 


Data (Q) and Data (Q) outputs are provided 
from the 64th register stage. The Data (Q) 
output is capable of drving one TTL or DTL 
load. 

These typesare supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (Esuffix), 16-lead ceramic flat package^ 
(K suffix), and in chip form (H suffix). 


Features: 

■ Fully static operation: DC to 4 MHz typ. 
@ V DD - V SS = 10 V 

■ Operation from a single 3 to 1 5 V positive 
or negative power supply 

■ High noise immunity 

■ Microwatt quiescent power dissipation: 
1 0 (jl\N (typ.) for ceramic packages; 100 /iW 
(typ.) for plastic packages 



■ Single phase clocking requirements 

■ Recirculation capability 

■ Data compatible with TTL-DTL 

■ Two cascading modes: 

Direct clocking for high-speed opera- 
tion 

Delayed clocking for reduced clock 
drive requirements 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 juA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-tempera- 
ture range) 

Applications: 

m Serial shift registers 

■ Time delay circuits 



Fig. 1 — Typical and minimum output n-channel 
drain characteristics for Q output. 


DRAIN -TO -SOURCE VOLTSIV OS I 



MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) -65to+150°C 

OPERATING-TEMPERATURE RANGE <T A ): 

PACKAGE TYPES D, F, H 

PACKAGE TYPE E 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

Voltages referenced to Vss Terminal): 

POWER DISSIPATION PER PACKAGE (P D ) 

FOR T A = -40 to +60°C (PACKAGE TYPE E ) 

FOR T A = +60 to +85° C (PACKAGE TYPE E ) 

FOR T A = -55 to +100°C (PACKAGE TYPES D, F) 

FOR T A = +100 to +1 25°C (PACKAGE TYPES D, F) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 


-55 to +1 25 C 

-40 to +85°C 

-0.5 to +1 5 V 

500 mW 

Derate Linearly at 12 mW / C to 200 mW 

500 mW 

Derate Linearly at 12 mW/°C to 200 mW 


RECOMMENDED OPERATING CONDITIONS at T A = 25* C, Except as Noted. 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

V DD 

(V) 

LIMITS 

UNITS 

D, F, H 
PACKAGES 

E 

PACKAGE 

MIN. 

MAX. 

MIN. 

MAX. 

Supply-Voltage Range (For T A = Full 







Package-Temperature Range) 


3 

12 

3 

12 

V 


5 

100 

_ 

100 

_ 


Data Hold Time, t|_j 






ns 


10 

200 

- 

200 

- 



5 

2.5 

_ 

2.6 

_ 


Clock Pulse Width, t\/y 

10 

1 

- 

1.3 

- 

/is 


5 

dc 

0.8 

dc 

0.4 


Clock Input Frequency, f£|_ 






MHz 


10 

dc 

2 

dc 

1 



5 

_ 

2 

_ 

2 


Clock Rise and Fall Time, t r CL, tfCL* 






Ms 


10 


1 

— 

1 



* If more than one unit is cascaded in the parallel clocked application, t r CL should be made less than or equal Fig. 2 — Typical output p-channel drain character- 

to the sum of the propagation delay at 1 5 pF and the transition time of the output driving stage. \istics for Q output. 
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CD4031A Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTERISTICS 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) | 

UNITS 

D, F, H PACKAGES 

E PACKAGE 

V 0 

(V) 

V .N 

(V) 

V DD 

(V) 

-55 

+25 

+125 

-40 

+25 


TYP. 

LIMIT 

TYP. 

LIMIT 


Quiescent Device 
Current, 1^ Max. 

- 

- 

5 

10 

0.5 

10 

600 

50 

1 

50 

700 

ma 

- 

- 

10 

25 

1 

25 

1500 

100 

2 

100 

1400 

- 

- 

15 

50 

1 

50 

2000 

500 

5 

500 

5000 

Output Voltage: 

Low Level, 

V OL 

- 

5 

5 

0 Typ.; 0.05 Max 

V 

~~ 

10 

10 

0 Typ.; 0.05 Max 

High Level 

V OH 


0 

5 

4.95 Min.; 5 Typ. 

- 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 

V NL 

4.2 

- 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 

V NH 

0.8 

- 

5 

1.5 Min.; 2.25 Typ. 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 

Inputs Low, 

V NML 

4.5 

- 

5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High, 
V NMH 

0.5 

- 

5 

1 Min. 

1 

- 

El 

1 Min. 

Output Drive 
Current: 
N-Channel 
(Sink), 
l D N Min. 

Q 

EH 

- 


na 


WEB 

B2S 

IS 



IBM 

mA 


- 

El 

5 

8 

4 


5 

8 

4 

Q 



~ 

5 

m 

HQ 


|jjjg 

ms 

mg 

ms 

my 


- 

El 


E 



MS 


m 

mi 

cl d 

EH 

- 

D 

0.48 

0.8 

Wi Hi 

0.28 


m 


rm 

QQ 

- 

El 

m 

m 

DEI 

EH 


EH 


EH 

P- Channel 
(Source) : 

l D PMin. 

Q 

m 

- 

n 

B IW 







BKE1 


- 

10 

BBS 

EH 

Kl’l'il 

Biffl 

EE 

|Q 


Mk l, H 

D 


- 

5 

CTH 

BUI 




BEE 

m3 



- 

El 




mm 

Bin 

BH 



cl d 


- 

5 


ttni 

BKill 


BS 

bifid 




- 

El 

m 

EH 

Q 

BE 


03 

EZ 


Input Leakage 
Current, 

1 1 L r 1 1 H 

Ar 

ly Inp 

ut 

15 

±1 O' 5 Typ., ±1 Max. 

pA 



M 

T\ 

m A 

f 600 jj 

ABIENT TEMPERATURE (Tftl-ZS^C 1 1 ) ) I 1 

rPICAL TEMPERATURE COEFFICENT FOR rTtHH 

p 

¥ 

L VALUE 

OF V 0 

• O 3* 






IIS 

t = :S 

4444+44444+ f4 4 

UPPLT VOLTS (Vqo)«5 

-| 1 1 1 limr 

5# 

i 

| :: 

£ 400 :i 

3 500 — ; 

| 200 i i i 
I 

I 

pi 

l 



'TtT 

| 

[ill 

t 

- "load CAPACITANCI 

55 

PHI 

E OF 0 

5 Tfrr 

m 

■!5pF 

f ,00 :EI 

:!jp 




TTT]1 

HLd 



LOAD CAPACITANCE IC L ) -pE 
* LOAD CAPACITANCE OF 3il5pF 


Fig. 3— Typical propagation delay time vs. load 
capacitance for data outputs. 



Fig. 4 — Typical propagation delay vs. load capaci- 
tance for delayed clock output. 



LOAD CAPACITANCE (C L ) - pF „ cs . |4749 

NOTE: «TH.FOfi 0 OUTPUT IS SIGNIFICANTLY LESS THAN t TLH 

Fig. 5 - Typical transition time vs. toad capaci- 
tance for data outputs. 
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Fig. 6— Typical transition time vs. load capaci- 
tance for delayed dock output. 








CD4031A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 

at T^=25°C, Input t r ,tf=20 ns, Cl= 15 pF (unless otherwise specified), R|_=200 k£2 


CHARACTERISTIC 

TEST 

LIMITS 

UNITS 

CONDITIONS 

D, F, H 

E 


V DD 

(V) 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Propagation Delay Time; 
t PLH« tPHL 

Clock to Data 

Output Q & Q * 


5 

_ 

400 

800 

_ 

400 

1600 

ns 

10 

- 

200 

400 

- 

200 

800 

Clock to CLp 

Cl = 60 f 

5 

- 

400 

800 

- 

400 

1600 

r 10 

- 

200 

400 

- 

200 

800 

Transition Time; 

X THL' *TLH 

Q Output 


5 


75 

150 


75 

300 

ns 

10 

- 

30 

60 

- 

30 

120 

Q Output 


5 

- 

300 

600 

- 

300 

1200 

10 

- 

150 

300 

- 

150 

600 

CLq Output 

Cl = 60 p 

5 

- 

200 

400 

- 

200 

800 

r 10 

- 

100 

200 

- 

100 

400 

Clock Rise and Fall Time; 

t r CL, tfCL* * 


5 

- 

- 

2 

- 

- 

2 

Ms 

10 

- 

- 

1 

- 

- 

1 

Minimum Data Set-Up 
Time, tg 


5 

- 

200 

400 

- 

200 

800 

ns 

10 

- 

50 

100 

- 

50 

200 

Maximum Clock Input 
Frequency, fQL*** 


5 

0.8 

2 

- 

0.4 

2 

- 

MHz 

10 

2 

4 

- 

1 

4 

- 

Minimum Data Hold 

Time, tj_j 


5 

- 

50 

100 

- 

50 

100 

ns 

10 

- 

100 

200 

- 

100 

250 

Minimum Clock Pulse 
Width, t w 


5 

- 

1.25 

2.5 

- 

1.3 

2.6 

Ms 

10 

- 

0.5 

1 

- 

0.62 

1.3 

Average Input Capaci- 
tance, Ci Clock 



_ 

60 

_ 

- 

60 

_ 

pF 

All Others 



- 

5 

- 

- 

5 

- 



* Capacitive loading on Q output affects propagation delay of Q output. These limits apply for 0 load 
C[_ <1 5 pF. 

** If more than one unit is cascaded in the parallel clocked application, t r CL should be made less than or 
equal to the sum of the propagation delay at 1 5 pF and the transition time of the output driving stage. 
** Maximum Clock Frequency for Cascaded Units; 


a) Using Delayed Clock Feature 


max (n-1 ) CL d prop, delay + Q prop, delay + set-up time 

1 


where n = number of packages 


b) Not Using Delayed Clock - f ^ 


propagation delay + set-up time 



COS/MOS PROTECTION 
NETWORK 




Fig. 8 — Maximum clock input frequency vs. 
supply voltage. 



Fig. 9 - Typical power dissipation vs. frequency. 



Fig. 10 — Noise-immunity test circuit. 

V D0 

t 

NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH v do ANO V SS 
CONNECT ALL UNUSED 

_. INPUTS TO EITHER 

| V 00 OR V ss 

v ss 


V D0 

MD- 


Fig. 11— Input-leakage-current test circuit. 

V D0 



WITH S, AT GROUND, CLOCK UNIT 64 TIMES 
BY CONNECTING S2 TO PULSE GENERATOR 
RETURN S 2 TO GND AND MEASURE LEAKAGE 
CURRENT. REPEAT WITH S, AT V DD . 

Fig. 13 — Quiescent-device-current test circuit. 
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CD4032A, CD4038A Types 


COS/MOS Triple Serial Adders 

Features: 


■ Invert inputs on all adders for sum complementing 
applications 

■ Fully static operation dc to 5 MHz (typ.) 

■ Buffered outputs 

■ Single-phase clocking 

■ Microwatt quiescent power dissipation. . . . 5 /iW (typ.) 

■ Quiescent current specified to 15 V 



Positive Logic Adder — CD4032A 
Negative Logic Adder — CD4038A 

The RCA-CD4032A and CD4038A types 
consist of three serial adder circuits with 
common CLOCK and CARRY-RESET in- 
puts. Each adder has two provisions for two 
serial DATA INPUT signals and an INVERT 
command signal. When the command signal 
is a logical “1", the sum is complemented. 

Data words enter the adder with the least 
significant bit first; the sign bit trails. The 
output is the MOD 2 sum of the input bits 
plus the carry from the previous bit position. 

The carry is only added at the positive-going 
clock transition for the CD4032A or at the 
negative-going clock for the CD4038A, thus, 
for spike free operation the input data trans- 
itions should occur as soon as possible after 
the triggering edge. 

The CARRY is reset to a logical "0” at the 
end of each word by applying a logical “1" 
MAXIMUM RATINGS, Absolute-Maximum Values: 


■ Maximum input leakage current of 1 juA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-temper- 
ature range) 

signal to a CARRY-RESET input one bit- 
position before the application of the first 
bit of the next word. Figs. 2 and 4 show 
definitive waveforms for all input and output 
signals. 

These types are supplied in 1 6 -lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16 -lead dual-in-line plastic pack- 
age ( E suffix), 1 6 -lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


Applications: 

■ Serial arithmetic units 

■ Digital correlators 

■ Digital datalink computers 

■ Flight control computers 

■ Digital servo control systems 
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LOAD CAPACITANCE (C L ) — pF 

92CS -19122 

Fig. 1 — Typical propagation delay time vs. load 
capacitance for A, B, or INVERT inputs 
to sum outputs. 



P2CS- 19123 


Fig. 2 — Typical transition time vs. load capacitance 
for sum outputs. 


STORAGE-TEMPERATURE RANGE (T stg ) . -65 to +150 C 

OPERATINT GEMPERATURE RANGE (T A >: 

PACKAGE TYPES D, F, H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, ( V 0D ) 

(Voltages referenced to Vgg Terminal) -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (Pq) 

FOR T a = -40 to +60°C (PACKAGE TYPE E) 500 mW 

FOR T A = +60 to +85°C (PACKAGE TYPE E) . . . Derate Linearly at 1 2 mW/°C to 200 mW 

FOR T a = -55 to +100°C (PACKAGE TYPES D. F) 500 mW 

FOR T A = +100 to +125°C (PACKAGE TYPES D, F) . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) . . . .100mW 

INPUT VOLTAGE RANGE, ALL INPUTS . 0.5 to V DD *0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265 C 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 




LIMITS 


CHARACTERISTIC 


D, F, H 

E 


UNITS 


V DD 

Packages 

Package 



(V) 

Min. 

Max. 

Min. 

Max. 


Supply-Voltage Range (For T A = 







Full Package-Temperature Range) 


3 

12 

3 

12 

V 

Input Setup Time, tg 

5 

10 

t r CL 

- 

t r CL 

- 

ns 


5 

dc 

1.5 

dc 

2.5 


Clock Input Frequency, f^(_ 

10 

dc 

3 

dc 

5 

MHz 


5 


15 


15 


Clock Rise or Fall Time, t r CL, tfCL 

10 

- 

15 

- 

15 

MS 
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CD4032A, CD4038A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25° C, Input t r , tf = 20 ns, 

C L = 15 pF, R L = 200 kH 


CHARACTERISTIC 


TEST CONDITIONS 

V DD 

(V) 


LIMITS 

D, F, H ~ 
Packages 

Min. I Typ.l Max. IV 


E 

Package 

Min. I Typ.l Max. 


Propagation Delay 
Time; 

t PLH' t PHL 
A, B, or Invert 

Inputs to Sum ® — 400 1100 — 400 1400 n$ 

Outputs 10 - 125 250 - 125 300 

Clock Input 5 — 800 2200 — 800 2400 

to Sum Outputs 10 - 250 500 - 250 600 

Transition Time; 

tTHL.tTLH 5 ns 

(Sum Outputs) 10 — 50 150 — 50 200 

Maximum Clock Input 5 1.5 2.5 — 1 2.5 — 

Frequency, f CL 10 3 5 - 2 5 ~ 

Clock Rise & Fall 

Time; ® ~ ~ 15 ~ ~ 15 [is 

t r CL, t f CL** 10 15 15 

Minimum Input Set Up 5 

Time, t s * ^ ~ “ “ t r CL “ “ V 01 - ns 

Average Input 

Capacitance, Cj - _ _ _ p 

"This characteristic refers to the minimum time required for the A, B, or Reset Inputs to change state 
following a positive clock transition (CD4032A) or negative transition (CD4038A). 

*"'lf more than one unit is cascaded t r CL should be made less than or equal to the sum of the transition 
time and the fixed propagation delay of the output of the driving stage for the estimated capacitive 
load. 



CLOCK FREQUENCY l»CL >— •>«! ,zc5 ~ 19 

Fig. 3 — Typical dissipation characteristics. 



WORD I 0.01 I I 100 • +60 WORD 3 1.10 I I 0 I I ■ - 37 

WORD 2 0.01 1001 0 ■ »50 WORD 4 I.IOOI I I0 » -SO 

0.1 101 I I 0 **110 1.0 1 0100 I * -07 


Fig. 4 - CD4032A timing diagram. 



WORD 3 0.0100100 =4-36 
WORD 4 0.01 10001 =4-49 
0.1010101 =4-85 

92CS-I9I2IR 


Fig. 5 — CD4038A timing diagram. 



ALL INPUTS ARE PROTECTED 

BY COS/MOS PROTECTION 

NETWORK 92CS-I766IR2 



J — CD4032A logic diagram of one of three serial adders. 


Fig. 7 — CD4038A logic diagram of one of three 
serial adders. 
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CD4032A, CD4038A Types 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) j 

Units 

D, F, H Packages 

E Package 

v 0 

(V) 

V|N 

(V) 

V DD 

(V) 

-55 

+25 

+125 

-40 

+25 

+85 

Typ. 

Limit 

Typ. 

Limit 

Quiescent Device 
Current 1 1_ Max. 

- 

- 

5 

5 

0.3 

5 

300 

50 

0.5 

50 

700 

AA 

- 

- 

10 

10 

0.5 

10 

600 

100 

1 

100 

1400 

- 

- 

15 

50 

1 

50 

2000 

500 

5 

500 

5000 

Output Voltage: 
Low-Level 

VOL 

- 

5 

5 

0 Typ.; 0.05 Max. 

V 

- 

10 

10 

0 Typ.; 0.05 Max. 

High Level 

VOH 

- 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 

vnl 

4.2 

_ 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 

vnh 

0.8 

- 

5 

1.5 Min.; 2.25 Typ. 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 
Inputs Low, 

Vnml 

4.5 

_ 

5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High, 
V NMH 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 
Current 

N-Channel 

(Sink), 

IqN Min. 

0.5 


5 

0.6 

0.9 

0.5 

0.3 

0.25 

0.9 

0.2 

0.14 

mA 

0.5 

- 

10 

0.75 

2.4 

0.7 

0.6 

0.6 

2.4 

0.5 

0.4 

P-Channel 

(Source), 

IqP Min. 

4.5 


5 

-0.21 

-0.4 

-0.15 

-0.075 

-0.14 

-0.4 

-0.1 

-0.095 

9.5 

- 

10 

-0.7 

-7.2 

-0.55 

-0.35 

-0.3 

-1.2 

-0.27 

-0.22 

Input Leakage 
Current, 

l|L* 1 1 H 

Any Input 

HO” 5 Typ., ±1 Max. 

AiA 

_£ 

- 

15 



Fig. 8 — Quiescent-device-current test circuit. 




NOTE 

TEST ANY COMBINATION 
OF INPUTS 


v DO 

Vss 


* 

Vss 


NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V DD ANO V ss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
V DD OR V $s 

92CS-2740Z 


Fig. 9 — Noise-immunity test circuit. 


Fig. 10 — Input-leakage-current test circuit. 
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CD4034A Types 


COS/MOS 8-Stage Static Bidirectional 
Parallel/Serial Input/Output Bus Register 


The RCA-CD4034A is a static eight-stage 
paraliel-or serial-input parallel-output regis- 
ter. It can be used to: 

1) bidirectionally transfer parallel informa- 
tion between two buses, 2) convert serial 
data to parallel form and direct the parallel 
data to either of two buses, 3) store (recircu- 
late) parallel data, or 4) accept parallel data 
from either of two buses and convert that 
data to serial form. Inputs that control the 
operations include a single-phase CLOCK 
(CL), A DATA ENABLE (AE), ASYNCHRO- 
NOUS/SYNCHRONOUS (A/S), A-BUS-TO- 
B-BUS/2B-BUS-TO-A-BUS (A/B), and PAR- 
ALLEL/SERIAL (P/S). 


The serial data appears as output data on 
either the B lines (when A/B is high) or the 
A lines (when A/B is low and the AE signal 
is high). 

Register expansion can be accomplished by 
simply cascading CD4034A packages. 

The CD4034A-Series types are supplied in 
24-lead hermetic dual-in-line ceramic pack- 
ages (D suffix), 24-lead dual-in-line plastic 
packages (E suffix), 24-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 



B DATA 


92CS- 1 9202R I 


Fig. 1 — Functional diagram. 



*ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


Data inputs include 16 bidirectional parallel 
data lines of which the eight A data lines are 
inputs (outputs) and the B data lines are out- 
puts (inputs) depending on the signal level 
on the A/B input. In addition, an input for 
SERIAL DATA is also provided. 

All register stages are D-type master-slave 
flip-flops with separate master and slave 
clock inputs generated internally to allow 
synchronous or asynchronous data transfer 
from master to slave. Isolation from external 
noise and the effects of loading is provided 
by output buffering. 

PARALLEL OPERATION 

A high P/S input signal allows data transfer 
into the register via the parallel data lines 
synchronously with the positive transition 
of the clock provided the A/S input is low- 
If the A/S input is high the transfer is in- 
dependent of the clock. The direction of 
data flow is controlled by the A/B input. 
When this signal is high the A data lines are 
inputs (and B data lines are outputs); a low 
A/B signal reverses the direction of data flow. 

The AE input is an additional feature which 
allows many registers to feed data to a 
common bus. The A DATA lines are enabled 
only when this signal is high. 

Data storage through recirculation of data in 
each register stage is accomplished by mak- 
ing the A/B signal high and the AE signal 
low. 

SERIAL OPERATION 

A low P/S signal allows serial data to transfer 
into the register synchronously with the 
positive transition of the clock. The A/S in- 
put is internally disabled when the register is 
in the serial mode (asynchronous serial opera- 
tion is not allowed). 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T $tg ) -65 to + 150" C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, H -55 to + 125°C 

PACKAGE TYPE E -40 to +85° C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to V ss Terminal) -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P Q ) 

FOR T a = -40 to +60° C (PACKAGE TYPE E) 500 mW 

FOR T a = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D) ' 500 mW 

FOR T a = +1 00 to +125°C (PACKAGE TYPES D ) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vq D +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265° C 


RECOMMENDED OPERATING CONDITIONS at T A = 25° C, Except as Noted. 
For maximum reliability , nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

V DD 

(V) 

LIMITS 

UNITS 

D, F, H 
PACKAGES 

E 

PACKAGE 

MIN. 

MAX. 

MIN. MAX. 

Supply-Voltage Range (For T^ = Full 
Package-Temperature Range) 


3 

12 

3 

12 

V 

Data Setup Time, tg 

5 

10 

500 

200 

- 

500 

200 

- 

ns 

Clock Pulse Width, tyy 

5 

10 

400 

175 

- 

400 

175 

- 

ns 

Clock Input Frequency, f 

5 

10 

dc 

dc 

1.5 

3 

dc 

dc 

1.5 

3 

MHz 

Clock Rise and Fall Time, t r CL, tfCL* 

5,10 

- 

15 

- 

15 

Ms 


*lf more than one unit is cascaded t r CL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 
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CD4034A Types 


Features: 


Table I — Truth Table for Register Input-Levels and the Resulting Register Operation (L= Low 
Level, H = High Level, X = Don't Care) 


"A" 

Enable 

P/S 

A/B 

A/S 

Operation* 

L 

L 

L 

X 

Serial Mode; Synch. Serial Data Input, "A" Parallel Data Outputs 
Disabled 

L 

L 

H 

X 

Serial Mode; Synch. Serial Data Input, "B" Parallel Data Output 

L 

H 

L 

L 

Parallel Mode; "B" Synch. Parallel Data Inputs, "A" Parallel Data 
Outputs Disabled 

L 

H 

L 

H 

Parallel Mode; "B" Asynch. Parallel Data Inputs, “A" Parallel Data 
Outputs Disabled 

L 

H 

H 

L 

Parallel Mode; “A" Parallel Data Inputs Disabled, "B" Parallel Data 
Outputs, Synch. Data Recirculation 

L 

H 

H 

H 

Parallel Mode; "A" Parallel Data Inputs Disabled, "B" Parallel Data 
Outputs, Asynch. Data Recirculation 

H 

L 

(T 

X 

Serial Mode; Synch. Serial Data Input, "A" Parallel Data Output 

H 

L 

H 

X 

Serial Mode; Synch. Serial Data Input, "B" Parallel Data Output 

H 

H 

L 

L 

Parallel Mode; "B" Synch. Parallel Data Input, "A" Parallel Data 
Output 

H 

H 

L 

H 

Parallel Mode; "B" Asynch. Parallel Data Input, "A" Parallel Data 
Output 

H 

H 

H 

L 

Parallel Mode; "A" Synch. Parallel Data Input, "B" Parallel Data 
Output 

H 

H 

H 

H 

Parallel Mode; "A" Asynch. Parallel Data Input, "B" Parallel Data 
Output 


•Outputs change at positive transition of clock in the serial mode and when the A/S control input is "low” 
in the parallel mode. 



■ Bidirectional parallel data input 

■ Parallel or serial inputs/parallel outputs 

■ Asynchronous or synchronous 

parallel data loading 

■ Parallel data-input enable on 

"A" data lines 

■ Data recirculation for register expansion 

■ Multipackage register expansion 

■ Fully static operation DC-to-5 MHz (typ.) 

At V DD -V SS =10V 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 fiA 

at 15 V (full package-temperature 
range) 

■ 1-V noise margin (full package-temper- 

ature range) 

Applications: 

• Parallel Input/Parallel Output, 

Parallel Input/Serial Output, 

Serial Input/Parallel Output, 

Serial Input/Serial Output Register 

■ Shift right/shift left register 

■ Shift right/shift left with parallel loading 

■ Address register 

■ Buffer register 

■ Bus system register with enable parallel 

lines at bus side 

■ Double bus register system 

■ Up-Down Johnson or ring counter 

■ Pseudo-random code generators 

■ Sample and hold register (storage, count- 

ing, display) 

■ Frequency and phase comparator 


clock 



« I I I Lfl_ 



■*i 1 : i — i_n_ 


»l 1 I 1 n n 


J — UTJ 



outputs 


Fig. 3 — Timing diagram. 
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CD4034A Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTERISTICS 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES <°C) ] 

UNITS 

D, H PACKAGES 

E PACKAGE 

V 0 

(V) 

V IN 

(V) 

V DD 

(V) 

-55 

+25 

+125 

-40 

+25 

+85 

TYP. 

LIMIT 

TYP. 

LIMIT 

Quiescent Device 
Current, 1^ Max. 

- 

- 

5 

5 

0.3 

5 

300 

50 

0.5 

50 

700 

pA 

- 

- 

10 

10 

0.5 

10 

600 

100 

1 . 

100 

1400 

- 

- 

15 

50 

1 

50 

2000 

500 

5 

500 

5000 

Output Voltage: 

Low Level, 

V 0L 

_ 

5 

5 

0 Typ.; 0.05 Max 

V 

- 

10 

10 

0 Typ.; 0.05 Max 

High Level 

V 0H 

- 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 

V NL 

4.2 

_ 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 

V NH 

0.8 

- 

5 

1.5 Mih.; 2.25 Typ. 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 

Inputs Low, 

V NML 

4.5 

_ 

5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High, 
V NMH 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 

Current: 

N-Channel 

(Sink), 

IqN Min. 

0.5 


5 

0.124 

0.2 

0.1 

0.07 

0.124 

0.2 

0.1 

0.07 

mA 

0.5 

- 

10 

0.31 

0.5 

0.25 

0.175 

0.31 

0.5 

0.25 

0.175 

P-Channel 

(Source): 

IqP Min. 

4.5 

_ 

5 

-0.075 

-0.1 

-0.05 

-0.035 

-0.075 

-0.1 

-0.05 

-0.035 

9.5 

- 

10 

-0.188 

-0.25 

-0.125 

-0.088 

-0.188 

-0.25 

-0.125 

■0.088 

Input Leakage 
Current, 

'lL' ‘lH 

An 

iy Inp 

ut 

15 

±10"^ Typ., ±1 Max. 

ma 



•a' or'b' 

DATA 

INPUTS 




■e' or "a" 

DATA 

OUTPUTS 




Fig. 8 — Asynchronous operation propagation delay 
time and transition time. 




Fig. 4 — Typical propagation delay time 
vs. load capacitance. 
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Fig. 5 - Typical transition time vs. load 
capacitance. 



Fig. 6 — Typical dock input frequency vs. 
supply voltage. 


IfCL—j | 

CLOCK / 
INPUT . t _ 

INPUT * / 

— H N— M CL 

J V 0D 

f \ 90 Y. 

1 y 50% 

\ 10% 1 

50% 

H f SLH - 

OUTPUT 

, , , -JW 

% 

gSS 

d 

1 1 

1 1 
r 1 | 

iil 

J 

* — IPLM — 

rl 

y 10% 1 


•input REFERS TOANYOFTmE "A“Ofl "B- data inputs. "AMENABLE . 
SERIAL input. A/B, p/s. or a/s inputs 

***SLH ANO »shl SET*uP TIMES 


Fig. 9 — Clock pulse rise and fall times. 


Fig. 10 — Synchronous operation propagation 

delay times, transition times, and set-up 
times. 


515 




CD4034A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 

At T £ = 26° C, Input t r , tf= 20ns, C[_ = 15 pF, RL = 200'kSl 


CHARACTERISTIC 

TEST 

LIMITS 

UNIT 

CONDITIONS 

D, H 

PACKAGES 

E 

PACKAGE 


V DD 

(V) 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Propagation Delay 

Time;tp LH ,tpHL 


5 

- 

600 

1200 

- 

600 

1200 

ns 

10 

- 

240 

480 

- 

240 

480 

Transition Time; 
^HL^TLH 


5 

- 

250 

750 

- 

250 

750 

ns 

10 


100 

300 

- 

100 

300 

Maximum Clock Input 
Frequency, 


5 

1.5 

2.5 

- 

1.5 

2.5 

- 

MHz 

10 

3 

5 

- 

3 

5 

- 

Clock Pulse Width, 

1 w 


5 

- 

200 

400 

- 

200 

400 

ns 

10 

- 

100 

175 

- 

100 

175 

Min. High-Level 

AE, P/S, A/S 

Pulse Width 


5 

- 

240 

480 

- 

240 

480 

ns 

10 


85 

195 

- 

85 

195 

Clock Rise& Fall Time 
t r CL, t f CL* 


5 

- 

- 

15 

- 

- 

15 

ps 

10 

- 

- 

15 

- 

- 

15 

Data Set-Up Time, 

*s 


5 

- 

250 

500 

- 

250 

500 

ns 

10 

- 

100 

200 

- 

100 

200 

Average Input 
Capacitance, C ( 

Any Input 

_ 

5 

- 

- 

5 

i 

- 

pF 


*lf more than one unit is cascaded t r CL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 



Fig. If — Noise-immunity test circuit. 


v oo 



Fig. 12 — Quiescent-device-current test circuit. 


APPLICATIONS 



L. t ttimt , 


pTJJJTVp 

-A- SERI* 


.mum. 


I urnTTfe, 





NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V 00 ANO V ss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
VOD « V SS 


Fig. 14 - 16-Bit parallel in/parallel out, parallel Fig. 15 - 16-Bit serial in/gated parallel out register. Fig. 13 - Input-leakage-current test circuit, 

in/serial out, serial in/parallel out, serial 
in/serial out register. 
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CD4035A Types 


COS/MOS 4-Stage 
Parallel In/Parallel Out 
Shift Register 

with J-K Serial Inputs and True/ 
Complement Outputs 

Features: 

■ 4-Stage clocked shift operation 

■ Synchronous parallel entry on all 4 stages 

■ JK inputs on first stage 

■ Asynchronous True/Complement control 
on all outputs 

■ Static flip-flop operation; Master-slave 
configuration 

■ Reset control 

■ Buffered outputs 

■ Low power dissipation — 5/iW typ. (ceramic) 

■ High speed - to 5 MHz 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1/iA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-temper- 
ature range) 

The RCA-CD4035A is a four-stage clocked 
signal serial register with provision for 
SYNCHRONOUS PARALLEL inputs to 
each stage and SERIAL inputs to the first 
stage via JK logic. Register stages 2, 3, and 
4 are coupled in a serial D flip-flop config- 
uration when the register is in the serial 
mode (PARALLEL/SERIAL control low). 

Parallel entry via the D line of each reg- 
ister stage is permitted only when the 
PARALLEL/SERIAL control is high. 

In the parallel or serial mode information 
is transferred on positive clock transitions. 

When the TRUE/COMPLEMENT control is 
high, the TRUE contents of the register are 
available at the output terminals. When the 
TRUE/COMPLEMENT control is low, the 
outputs are the complements of the data in 
the register. The TRUE/COMPLEMENT 
control functions asynchronously with re- 
pect to the CLOCK signal. 

JK input logic is provided on the first stage 
SERIAL input to minimize logic require- 
ments particularly in counting and sequence- 
generation applications. With JR inputs 
connected together, the first stage becomes 
a D flip-flop. An asynchronous common 
RESET is also provided. 

These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat package* 

(K suffix), and in chip form (H suffix). 


Applications 

■ Counters, Registers 
Arithmetic-unit registers 
Shift left - shift right registers 
Serial-to-parallel/parallel-to-serial conversions 

■ Sequence generation 

■ Control circuits 

■ Code conversion 


PARALLEL IN 



9 I' 

,oi 2 „r «r' 

S K-{r3_ 



CLK-^- 

p/s 7 

4- 

CD4035A 

STAGE REGISTER 

T/C — 

RESET 



Vqd *16 

V SS *8 

t 

0,/0| 

Jis Ji4 |i3 

1 °^2 °3 / °3 O 4 /O 4 


T/C OUT 
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CD4035A 

FUNCTIONAL DIAGRAM 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T gtg ) -66to+150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD > 

(Voltages referenced to Vgg Terminal): —0.5 to +15V 

POWER DISSIPATION PER PACKAGE (Pq): 

FOR T a = -40 to +60°C (PACKAGE TYPE E ) 500 mW 

FOR T a = +60 to +85° C (PACKAGE TYPE E) Derate Linearly at 12mW/°C to 200 mW 

FOR T a = -55 to +100°C (PACKAGE TYPES D,F) 500 mW 

FOR T A = +100 to +125°C (PACKAGE TYPES D, F) .... Derate Linearly at 12mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) lOOmW 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to V Dp +0.5V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 


RECOMMENDED OPERATING CONDITIONS at T A =25°C, except as noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

V DD 

(V) 

LIMITS 

UNITS 

D, F, H 
PACKAGES 

E 

PACKAGE 

MIN. 

MAX. 

MIN. 

MAX. 

Supply Voltage Range (For T A = Full 
Package-Temperature Range 


3 

12 

3 

12 

V 

Data Setup Time, tg: 

J/K Lines 

5 

10 

500 

200 

- 

750 

250 

- 

ns 

Parallel-In Lines 

5 

10 

350 

80 

- 

500 

100 

- 

Clock Pulse Width, tyy 

5 

10 

335 

165 


500 

250 

- 

ns 

Clock Rise and Fall'Time, t r CL,tfCL 

5 

10 

- 

15 

5 

- 

15 

5 

jUS 

Reset Pulse Duration, tyy 

5 

10 

400 

175 


500 

200 

- 

ns 
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CD4035A Types 



CHARACTERISTICS 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) [ 


D, F, H PACKAGES 

E PACKAGE 

V 0 

(V) 

V IN 

(V) 

V DD 

(V) 

-55 

+25 

+125 




TYP. 

LIMIT 



Quiescent Device 
Current, 1^ Max. 

- 

_ 

5 

5 

0.3 

5 

300 

HM 



HQ 


- 

- 

10 

10 

0.5 

10 

600 

100 


100 

PEI 


- 

15 

50 

1 

50 

2000 

500 

tm 



Output Voltage: 

Low Level, 

V OL 


5 

5 

0 Typ.; 0.05 Max 

V 

- 

10 

10 

OTyp.; 0.05 Max 

High Level 

V 0H 

- 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 

V NL 

4.2 

- 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 

V NH 

0.8 

- 

5 

1.5 Min.; 2.25 Typ. 

1 


10 

3 Min.; 4.5 Typ. 

Noise Margin: 

Inputs Low, 
V NML 

4.5 


5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High, 
V NMH 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 

Current: 

N-Channel 

(Sink), 

l D N Min. 

0.5 


5 

0.62 

1 

0.5 

0.35 

0.43 

i 

0.35 

0.24 

mA 

0.5 

- 

10 

1.55 

2.5 

1.25 

0.87 

1.05 

2.5 

0.85 

0.59 

P-Channel 

(Source): 

IpP Min. 

4.5 

_ 

5 

-0.31 

-0.5 

-0.25 

-0.17 

-0.2 

-0.5 

-0.18 

-0.12 

9.5 

- 

10 

-0.81 

-1.3 

-0.65 

-0.45 

-0.56 

-0.31 

-0.45 

-0.31 

Input Leakage 
Current, 

*IL' *IH 

Ar 

>y ln| 

DUt 

15 

±10“ 5 Typ., ±1 Max. 

PA 



Fig. 2 — Typical propagation delay time vs. 
load capacitance. 
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Fig. 3 — Typical transition time vs. load 
capacitance. 



Fig. 4 — Typical clock input frequency vs. 
supply voltage. 



Fig. 5 — Typical dynamic power dissipation 
characteristics. 


518 




CD4035A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 

At T^ = 25°C, Input t r ,tf = 20 ns, Cj_ = 15 pF, Rl = 200 kft 


CHARACTERISTICS 


LIMITS 

UNITS 

TEST 

CONDITIONS 

D, F,H 
PACKAGES 

E 

PACKAGE 


V DD 

(V) 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

CLOCKED OPERATION 

Propagation Delay 
Time: 

VLH'VHL 


5 

- 

250 

500 

_ 

250 

700 

ns 

10 

- 

100 

200 

- 

100 

300 

Transition Time: 

*THL' *TLH 


5 

- 

100 

200 

- 

100 

300 

ns 

10 

- 

50 

100 

- 

50 

150 

Minimum Clock 

Pulse Width, 


5 

- 

200 

335 

- 

200 

500 

ns 

10 

- 

100 

165 

- 

100 

250 

Maximum Clock 

Rise & Fall Time 

VCL' t fCL* 


5 

- 

- 

15 

- 

- 

15 

Ms 

10 

- 

- 

5 

- 

- 

5 

Minimum Setup Time: 

J/K Lines 


5 

- 

250 

500 

- 

250 

750 

ns 

10 

- 

100 

200 

- 

100 

250 

Parallel-In Lines 


5 

- 

100 

350 

- 

100 

500 

10 

- 

50 

80 

- 

50 

100 

Maximum Clock 
Frequency, f£j_ 


5 

1.5 

2.5 

- 

1 

2.5 

- 

MH z 

10 

3 

5 

_ 

2 

5 

- 

Input Capacitance, C| 

Any Input 

- 

5 

- 

- 

5 

- 

pF 

RESET OPERATION 

Propagation Delay 
Time: 

t PHL' VLH 


5 

- 

250 

500 

- 

250 

700 

ns 

10 

- 

100 

200 

- 

100 

300 

Minimum Reset Pulse 
Width, t w 


5 

- 

200 

400 

- 

200 

500 

ns 

10 

- 

100 

: 

175 

- 

100 

200 


*lf more than one unit is cascaded t f CL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 





NOTE- 

TEST ANY COMBINATION 

OF INPUTS 12CS-21 


Fig. 6 - Noise-immunity test circuit. 


v oo 



Fig. 7 — Quiescent-device-current 
test circuit. 



Fig. 8 — Input-leakage-current 
test circuit. 
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CD4037A Types 


COS/MOS Triple AND/OR Bi-Phase Pairs 

The RCA-CD4037A consists of three AND/ , . . , , 

01,01 
OR pairs driven by common control signals 1 ! 

A and B. c 

Each circuit has a data input (C), and two out- £ 

put terminals (D and E) that provide outputs 1 1 L 

in accordance with the truth table shown in 1 I I 1 I f 

Fig. 1. The circuit is useful for coding or de- £ [ ~ | f ~~ 1 J 

coding signals for split-phase (Bi-phase) com- cooing waveforms 

munication systems, magnetic recording, and c f I I | { L 

plated wire and core memory systems. A sep- a 1 | 1 | 1 | 1 | ^ 

arate Vcc terminal is provided to allow level 

conversion to any voltage from 3 volts to VdD- b 

These types are supplied in 14-lead hermetic d 1 I 1 

dual-in-line ceramic packages (D and F E 1 I I 

suffixes), 14-lead dual-in-line plastic pack- decoding waveforms < 

age (Esuffix), 14-lead ceramic flatpackage Fig. 1 - Coding and decoding waveforms. 

(K suffix), and in chip form (H suffix). 

RECOMMENDED OPERATING CONDITIONS. For maximum reliability, nominal operating 
conditions should be selected to that operation is always within the following ranges: 


PHASE 

MODULATED 

OUTPUTS 


PHASE 

- MODULATED 
DATA 


NRZ 

COMPLEMENTARY 

OUTPUTS 



AND/OR PAIR 


CD 4037 A «cs- i99 »h 

FUNCTIONAL DIAGRAM 


TRUTH TABLE 
INPUT II OUTPUT I 





LIMITS 



CHARACTERISTIC 

V DD 

D, 

F, H 


E 

UNITS 


(V) 

PACKAGES 

PACKAGE 




MIN. 

MAX. 

MIN. 

MAX. 


Supply-Voltage Range (For T A = Full 
Package-Temperature Range) 


3 

12 

3 

12 

V 


CAUTION: V cc VOLTAGE LEVEL MUST BE EQUAL TO OR LESS POSITIVE THAN V DD 

DYNAMIC ELECTRICAL CHARACTERISTICS 

at T a = 25° C, Input t r , tf = 20 ns, Cj_= 15 pF, R L = 200 k ft 


CHARACTERISTIC 


Propagation Delay Time: 
A and B Inputs 

X PHL' *PLH 


D, F, H E 

PACKAGES PACKAGE 

MIN. TYP. MAX. MIN. TYP. MAX. 


325 650 


100 200 


Transition Time: 
High-to-Low Level, 

*THL 

Low-to-High Level, 

*TLH 

Inp 



350 700 


100 200 


80 

_ 

60 

120 


30 

- 

20 

40 

ns 

150 

- 


ns 




Features: 

■ Outputs compatible with low-power TTL 
systems. 

■ High sink and source current (1 .6 mA typ.) 
capability at V D p = Vqq = 10V and 
V ds = 0.5V. 

■ Microwatt quiescent power dissipation: 
Pp = 0.5 juW/ceramic pkg. (typ.), Pp = 
2 juW/plastic pkg. (typ.) at Vpp = 10 V 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 juA at 
15 V (full package-temperature range) 

■ 1-V noise margin (full package- temperature 
range) 

Applications: 

■ Split-phase (Bi-Phase) communication sys- 
tems. 

■ Disc, drum, and tape digital recording 
systems. 

■ Plated wire and core memory systems. 

■ High-to-low logic level converter. 


90% ' 

50% 

10% u 


NON-INVERTING 

OUTPUT 

PORE 


— f THL — * f— 'TLH 

~ 9°% V D0 

J 50 % 

c== 4--=“-=^ g 3fc o 

- 'PLHr - 

P ’TLH — ] |— tTHL 

— =\ 90% 

IS 50 % 

Pc— — — 10% n 


Fig. 2 - Waveforms for measurement of dynamic 
characteristics. 
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CD4037A Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) -65 to +150* C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D. F, H -55 to +125* C 

PACKAGE TYPE E -40 to +85* C' 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgs Terminal) -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P D ): 

FOR T A = -40 to +60’ C (PACKAGE TYPE E) 500 mW 

FOR T a = +60 to +85" C (PACKAGE TYPE E) . . Derate Linearly at 12 mW/* C to 200 mW 

FOR T a = -55 to +100" C (PACKAGE TYPES D, F ) 500 mW 

FOR T A = +100 to +125* C (PACKAGE TYPES D, F) Derate Linearly at 12 mW /" C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) .... 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265° C 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTERISTICS 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) | 

UNITS 

D, F, H PACKAGES 

E PACKAGE 

V 0 

(V) 

V IN 

(V) 

- < 
< o 
o 

-55 

+25 

+125 

-40 

+25 

+85 

TYP. 

LIMIT 

TYP. 

LIMIT 

Quiescent Device 
Current, 1^ Max. 

_ 

_ 

5 

5 

0.03 

5 

300 

50 

0.1 

50 

700 

pA 

- 

- 

10 

10 

0.05 

10 

600 

100 

0.2 

100 

1400 

- 

- 

15 

50 

1 

50 

2000 

500 

5 

500 

5000 

Output Voltage: 

Low Level, 

V OL 

- 

5 

5 

0 Typ.; 0.05 Max 

V 

- 

10 

10 

0 Typ.; 0.05 Max 

High Level 

V OH 

_ 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 

V NL 

4.2 


5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 

V NH 

0.8 

- 

5 

1.5 Mih.; 2.25 Typ. 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 

Inputs Low, 

V NML 

4.5 

- 

5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High, 
V NMH 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 

Current: 

N-Channel 

(Sink). 

I d N Min. 

0.5 


5 

0.85 

0.7 

1.2 

0.45 

0.4 

0.35 

0.7 

0.3 

mA 

0.5 

- 

10 

1.3 

1.1 

2 

0.7 

0.65 

0.55 

1.1 

0.45 

P-Channel 

(Source): 

IpP Min. 

4.5 

- 

5 

-0.65 

-0.55 

-1 

-0.35 

-0.35 

-0.3 

-0.55 

-0.2 

9.5 

- 

10 

-0.9 

-0.75 

-1.6 

-0.45 

-0.5 

-0.4 

-0.75 

-0.3 

Input Leakage 
Current, 

'lL' 'lH 

Ar 

ly Inp 

)Ut 

15 

±10- 5 Typ., ±1 Max. 

pA 


For quiescent device current, noise immunity, and input leakage current test circuits see 
“Ratings and Characteristics" at the beginning of the COS/MOS section. 



Fig. 3 — Typical transition time vs. 
load capacitance. 




Fig. 5 — Typical propagation delay time vs. 
load capacitance. 



INPUT FREQUENCY (f ) - Hz 
• PACKAGE CONTAINS 6 AND-0R CIRCUITS 


Fig. 6 — Typical dissipation characteristics. 


521 





CD4040A Types 


COS/MOS 12-Stage 

Ripple-Carry 

Binary Counter/Divider 


The RCA-CD4040A consists of an input- 
pulse-shaping circuit and 12 ripple-carry 
binary counter stages. Resetting the counter 
to the all-O's state is accomplished by a 
high-level on the reset line. A master- 
slave flip-flop configuration is utilized for 
each counter stage. The state of the counter 
is advanced one step in binary order on the 
negative-going transition of the input pulse. 
All inputs and outputs are fully buffered. 

These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age ( E suffix), 1 6-lead ceramic flat package 
(K suffix), and in chip form (H suffix). 


Features: 

■ Medium-speed operation ... 5 MHz (typ.) input pulse 
rate at Vqd - V$S = 1 0 V 

■ Low output impedance . . . 750 Q (typ.) at Vqd - Vss 
= 10 Vand Vds = 0.5 V 

■ Common reset ■ Fully static operation 

■ All 12 buffered outputs available 

■ Low-power TTL compatible 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 ix A 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-temper- 
ature range) 

Applications: _ 

■ Frequency-dividing circuits 

■ Time-delay circuits ■ Control counters 


RECOMMENDED OPERATING CONDITONS at T A = 25°C, Except as Noted: 

For maximum reliability, nominal operating conditions should be selected so that operation is 
always within the following ranges : 


CHARACTERISTIC 

Supply Voltage Range (For T A = Full 
Package-Temperature Range) 

I Input Pulse Width, tyy 
Input-Pulse Frequency, f^ 
Input-Pulse Rise or Fall Time, t r 0 ,tf^ 
Reset Pulse Width, tyy 


D,F,H 

Packages 


(V) 

Min. 

Max. 

Min. 

Max. 



3 

12 

3 

12 

V 

5 

400 

- 

500 

- 

ns 

10 

110 

- 

125 

- 

5 

dc 

1.5 

dc 

1.5 

MHz 

10 

dc 

4 

dc 

4 


5 

15 

_ 

15 

_ 


10 

15 

- 

15 

- 


5 

1000 

- 

1250 

- 

ns 

10 

500 

- 

600 

- 


012 — l« 

^ >®1 — V DD 

06 — 2 

15 — Oil 

05 — 3 

14 — QIO 

Q7 — 4 

13 — Q8 

04 — 5 

12 — Q9 

03 — 6 

II — R 

02 — 7 

10 

V SS — 8 

9 — 01 


92CS-20747RI 

CD4040A 

TERMINAL DIAGRAM 


DRAIN - TO - SOURCE VOLTAGE (V DS )-\ 


Fig. 2 — Typical output n-channel 
drain characteristics. 


DRAIN -TO -SOURCE VOLTAGE (V[)S> — V 


"ALL INPUTS ARE 
PROTECTED BY 



Q| OUT * (Q|)(CL)(R) 


Fig.3 — Typical output p-channel 
drain characteristics. 


12-STAGE 
RIPPLE COUNTER 


01 03 05 07 09 011 


■ R-HIGH DOMINATES (RESETS ALL STAGES) 


02 04 06 08 010 012, 

12 BUFFERED OUTPUTS 


PROTECTION * ACTION OCCURS ON NEGATIVE GOING 
NETWORK TRANSITION OF INPUT PULSE. COUNTER 

ADVANCES ONE BINARY COUNT ON EACH 
NEGATIVE + TRANSITION (4096 TOTAL 
BINARY COUNTS). 


Fig. 1 — Logic diagram of CD4040A input pulse shaper and 1 of 12 stages. 


Fig. 4 — Functional diagram. 
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CD4040A Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D. F, H -55 to +125°C 

PACKAGE TYPE E -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgg Terminal) —0.5 to +1 5 V 

POWER DISSIPATION PER PACKAGE (Pq). 

FOR T a = -40 to +60°C (PACKAGE TYPE E ) 500 mW 

FOR T a = +60 to +85°C (PACKAGE TYPE E,) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D, F) 500 mW 

FOR T a = +100 to +1 25°C (PACKAGE TYPES D, F) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) j 

Units 

D,F,H Packages 

E Package 

v 0 

(V) 

V|N 

(V) 

VDD 

(V) 

-55 

+25 

+125 

-40 

+25 

+85 

Typ. 

Limit 

Typ. 

Limit 


_ 

- 

KM 

mm 


wm 


£9 

1 




- 

- 

me 

mm 


mi 

U^JI 

KB 

2 

100 

1400 

- 

- 

Q 

£01 

KSM 

■m 

ES3I 

£21 

5 

500 

5000 

Output Voltage: 
Low-Level, 

VOL 

■ 

H 

B 

0 Typ.; 0.05 Max. 


- 

m 

BB 

OTyp.; 0.05 Max. 

High-Level 

VOH 

- 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

na 

9.95 Mini; 1 0 T yp. 


H 

■ 

m 

1.5 Min.; 2.25 Typ. 

V 

S’ 

- 

ta 

3 Min.; 4.5 Typ. 


ED 

- 

5 

1.5 Min.; 2.25 Typ. 

1 

- 

BB 

3 Min.; 4.5 Typ. 


4.5 

_ 

H 

1 Min. 


H 

- 

10 

1 Min. 

Inputs High, 

VNMH 

03 

- 

5 

1 Min. 

' 

- 

El 

1 Min. 



i 

1 

0.22 

0.36 

0.145 

0.102 



0.08 

0.056 




El 









P-Channel 

(Source): 

IqP Min. 

1 

■ 

5 

-0.15 




-0.15 

-0.25 

-0.06 

-0.04 



10 




-0.175 

-0.29 

ES! 


-0.1 

Input Leakage 
Current, 

IlL. >IH 

Any Input 

±10“ 5 Typ., ±1 Max. 

H A 

- 


15 



Fig. 5 — Minimum output n-channel 
drain characteristics. 


DRAIN- TO -SOURCE VOLTAGE (V 0S ) — V 



Fig. 6 - Minimpm output p-channel 
drain characteristics. 



Fig.7 - Typical propagation delay time vs. 
load capacitance (per stage). 



LOAD CAPACITANCE (Cj — pF 


Fig. 8 — Typical transition time vs. load 
capacitance. 
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CD4040A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r , tf = 20 ns, 

C|_ = 15 pF, R|_ = 200 k£2 


Characteristic 

Test Conditions 

LIMITS 

Units 

D,F,H 

Packages 

E 

Package 


VDD 

(V) 


CHI 



EBI 


Input-Pulse Operation | 

Propagation Delay 
Time, 

tPLH.tpHL* 


5 

_ 

BH 

900 

_ 

BE 

950 


El 

- 

EH 

450 

- 



Transition Time, 
tTHL, tTLH 


D 

- 

KfSl 


~ 

IBil 


ns 

■a 

- 

B 


- 

ira 


Maximum Input-Pulse 
Frequency, 


5 

m 

El 

- 

m 


- 

MHz 

El 

4 

6 

- 

4 

6 

- 

Minimum Input-Pulse 
Width, t w 

f=100 kHZ 

EH 

- 

200 

BBBi 

- 

200 

500 

ns 

m 

- 

■a 

ESI 

- 

m 

mi 

Input-Pulse Rise & 

Fall Time, t r<1 , t f0 * 


5 

- 

- 


- 

- 

mm 

ps 

El 

- 

- 

mat 

- 

- 

El 

Average Input 
Capacitance, C| 

Any Input 


■ 


- 

- 

5 

- 

pF 

| Reset Operation | 

Propagation Delay 
Time, tpHL* 


El 

- 



- 

mm 

ieesi 

ns 

10 

- 


EE3i 

- 


12 

Minimum Reset 

Pulse Width, tyy 


5 

- 

500 

1000 

- 

500 

1250 

ns 

10 

- 

250 

500 

- 

250 

600 


• Measured from the 50% level of the negative 
input pulse edge to the 50% level of either 
the positive or negative edge of the Q1 out- 
put (pin 9); or measured from the nega- 
tive edge of Q1 through Q1 1 outputs to 
the positive or negative edge of the next 
higher output. 


a Maximum input rise or fall time for func- 
tional operation. 

* Measured from the positive edge of the re- 
set pulse to the negative edge of any output 
*(Q1 to Q12). 




Fig. 10 - Typical input-pulse frequency 
vs. supply voltage. 


’DO ’NH 
o 

Vnl 





NOTE 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH V 00 AN0V SS 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
V 00<* V SS 


«>CS-l7«Oi 


Fig. 11- Noise-immunity test circuit. 


Fig. 12 — Quiescent-device-current test circuit. 


Fig. 13 - Input-leakage-current test circuit. 
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CD4041A Types 


COS/MOS Quad 
T rue/Complement 
Buffer 

The RCA-CD4041A types are quad true/ 
complement buffers consisting of n- and 
p*channel units having low channel resistance 
and hiqh current (sourcing and sinking)capa- 
bility. The CD4041A is intended for use as 
a buffer, line driver, or COS/MOS-to-TTL 
driver. It can be used as an ultra-low power 


resistor-network driver for A/D and D/A 
conversion, as a transmission-line driver, and 
in other applications where high noise im- 
munity and low-power dissipation are pri- 
mary design requirements. 

These types are supplied in 14-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 14-lead dual-in-line plastic pack- 
age (E suffix), 14-lead ceramic flat package 
(K suffix), and in chip form (H suffix). 



Features: 

True Output 

■ High current source and sink capability 

8 mA (typ.) @ Vds = 0.5 V, Vqq = 10 V 
3.2 mA (typ.) @ Vqs “ 0.4 V, Vqd = 5 V 
(two TTL loads) 

Complement Output 

■ Medium current source and sink capability 

3.6 mA (typ.) @ V DS = 0.5 V, V DD - 10 V 

1.6 mA (typ.) @ V DS = 0.5 V, V D D = 5V 

■ Quiescent current specified to 15 V 

■ Maximum input peakage of 1 juA at 15 V 
(full package-temperature range) 

■ 1-V noise margin (full package temperature 
range) 

Applications: 

■ High current source/sink driver 

■ COS/MOS-to-DTL/TTL converter 

■ Display driver 

■ MOS clock driver 

■ Resistor network driver 
(Ladder or weighted R) 

■ Buffer 

■ Transmission line driver 


MAXIMUM RATINGS, Absolute-Maximum Values: 


OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D. F.H 

PACKAGE TYPE E 

DC SUPPLY-VOLTAGE RANGE. (V QD ) 

(Voltages referenced to Vgg Terminal) 

POWER DISSIPATION PER PACKAGE (P D ): 

FOR T a = -40 to +60°C (PACKAGE TYPE E ) 

FOR T a = +60 to +85°C (PACKAGE TYPE E;) Derate Linearly at 

FOR T a = -55 to +100°C (PACKAGE TYPES D. F ) 

FOR T a = +100 to +125°C (PACKAGE TYPES D. F) Derate Linearly at 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 

INPUT VOLTAGE RANGE. ALL INPUTS 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max 


-66 to +150°C 


-55 to +125°C 
-40 to +85°C 


500 mW 

Derate Linearly at 12 mW/°C to 200 mW 

500 mW 

Derate Linearly at 12 mW/°C to 200 mW 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following range: 


CHARACTERISTIC 


Supply Voltage Range (ForT^ = Full Package 
Temperature Range) 


LIMITS 

Min. 

Max. 

3 

12 


ALL INPUTS PROTECTED 
BY COS/ MOS PROTECTION 
NETWORK 


V DD v 00 

is ps 

Jn LjE 

v ss V SS 


Fig, 1 — CD4041A schematic diagram. 
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CD4041A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C and C L - 15 pF, R|_ = 200 kO 



TEST 

LIMITS 



CONDITIONS 

D,F,H 

E 


UNITS 




Package 




1TJ 

MAX. 

|Q2I 



Propagation Delay Time: 

True 

5 

65 

115 

mm 

140 

ns 

High-to-Low Level 

Output 

10 

40 

■a 

mm 

100 

*PHL 

Comp. 

5 


MEM 


mm 

ns 

Output 

10 

30 

45 

30 

65 


True 

5 

75 

125 

75 

150 


Low-to-High Level 

Output 

10 

mm 

75 

mm 


tPLH 

Comp. 

5 

45 

100 

mm 

I11H 



Output 


25 


H 



Transition Time: 

True 

5 

20 

40 


60 


High-to-Low Level 

Output 




13 

40 


*THL 


5 

m 

60 

mm 

80 



10 

25 

40 

25 




5 

20 

40 

20 

60 

ns 

Low-to-High Level 


10 

13 

25 

13 

40 




5 

35 

55 


mm 

ns 


10 

25 

40 

25 

50 

Input Capacitance C| 

Any Input 


5 

- 

5 

- 

pF 



Fig. 10 — Minimum and maximum transfer charac- 
teristics — true output. 



Fig. 11 — Minimum and maximum transfer charac- 
teristics — complement output. 
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0 5 10 IS 

DRAIN -TO 'SOURCE VOLTAGE (V DS )-V 

92CS- 20042 


Fig. 8 — Minimum output n-channel drain charac- 
teristics —complement output. 



Fig.9 — Minimum output p-channel drain charac- 
teristics — complement output. 



Fig. 12 - Typical transition time vs. 
Cl — true output. 



Fig. 13 — Typical high-to-low level transition 
time i/s. Cl — complement output. 



92CS -20049 


Fig. 14 - Typical low-to-high level propagation Fig. 15 - Typical low-to-high level propagation 

delay time vs. C L - true output. delay time vs. C L - complement output. 
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DRAIN-TO- SOURCE VOLTAGE (V os )- 


Fig.4 - Typical output n-channel drain charac 
teristics — complement output. 






















CD4041A Types 



92CS -20050 

Fig. 16 — Typical power dissipation vs. 
frequency per output pair. 



V DD 



Fig. 17 — Typical power dissipation vs. input Fig. 18 — Quiescent device current test circuit, 

rise & fall time per output pair. 




NOTE: 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH V DD ANOV ss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
v DO°* v SS 


92CS-2M02 


Fig. 19 - Noise immunity test circuit. 


Fig.20 - Input leakage current test circuit. 




CD4042A Types 


COS/MOS Quad Clocked "D” Latch 


and POLARITY levels defined above are 
present When a CLOCK transition occurs 
(positive for POLARITY = 0 and negative 
for POLARITY = 1) the information present 
at the input during the CLOCK transition is 
retained at the outputs until an opposite 
CLOCK transition occurs. 

These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age ( E suffix), 1 6-lead ceramic flat package 
(K suffix), and in chip form (H suffix). 


The RCA-CD4042A types contain four latch 
circuits, each strobed by a common clock. 
Complementary buffered outputs are availa- 
ble from each circuit. The impedance of the 
n- and p-channel output devices is balanced 
and all outputs are electrically identical. 
Information present at the data input is 
transferred to outputs Q and Q during the 
CLOCK level which is programmed by the 
POLARITY input. For POLARITY = 0 the 
transfer occurs during the 0 CLOCK level, 
and for POLARITY = 1 the transfer occurs 
during the 1 CLOCK level. The outputs 
follow the data input providing the CLOCK 
MAXIMUM RATINGS, Absolute-Maximum 1/ 


STORAGE-TEMPERATURE RANGE (T stg ) _ 65 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, H _ -55 to +19R°r 

PACKAGE TYPE E -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to V$s Terminal): _0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P D ): 

FOR T a = —40 to +60°C (PACKAGE TYPE E) 500 mW 

FOR T A = +60 to +85 C (PACKAGE TYPE E ) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D, F ) 500 mW 

FOR T a = +100 to +125°C (PACKAGE TYPES D, F) . . .Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS _ 0 . 5 to v DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265°C 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r , tf = 20 ns, C L = 15 pF, 

R L = 200 K£2 


CHARACTERISTIC 


Propagation Delay 
Time: tpHL* tPLH 
Dat a In to Q 

Data In to Q 


Transition Time: 

tTHL, tTLH 

Minimum Clock 
Pulse Width, tw 

Minimum Hold 
Time, tH 

Minimum Setup 
Time, tg 

Minimum Clock Rise 
or Fall Time: t r , tf 

Input Capacitance, C| 
(Any Input) 


LIMITS 1 

d,f,h 

E 


Packages 

Package \ 

Typ. 

Max. 

Typ. 

Max. 

150 

300 

150 

400 

75 

150 

75 

200 

250 

500 

250 

600 

100 

200 

100 

250 

300 

600 

300 

750 

125 

250 

125 

300 

400 

800 

400 

1000 

175 

350 

175 

400 

100 

200 

100 

300 

50 

100 

50 

150 

175 

250 

175 

350 

60 

120 

60 

175 

150 

300 

150 

350 

60 

120 

60 

150 

0 

50 

0 

50 

0 

30 

0 

30 

Not rise or fall time sensitive. 

5 

- 

5 

- 



CD4042A 

FUNCTIONAL DIAGRAM 

Features: 

■ Clock polarity control 
Q Q and Q outputs 

■ Common clock 

■ Low power TTL compatible 

■ Quiescent current specified to 15 V 

■ Maximum input leakage of 1 juA at 15 V 
(full package-temperature range) 

■ 1-V noise margin (full package-temperature 
range) 

Applications: 

■ Buffer storage 

■ Holding register 

■ General digital logic 

("onF of fourTatches I 




*ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


CLOCK 

POLARITY 

Q 

0 

0 

D 


0 

LATCH 

1 

1 

D 


1 

LATCH 


Fig. 1 — Logic block diagram i 
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CD4042A Types 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

VDD 

(V) 

LIMITS 

UNITS 

D,F,H 

Packages 

E 

Package 

Min. 

Max. 

Min. 

Max. 

Supply-Voltage Range 







(For Ta = Full Package 

- 

3 

12 

3 

12 

V 

Temperature Range) 







Clock Pulse 

5 

350 

- 

250 

- 

ns 

Width, tw 

10 

175 

- 

120 

- 



5 

50 



50 

_ 


Setup Time, t§ 

10 

30 

- 

30 

- 

ns 


5 

350 

_ 

300 

_ 


Hold Time, t^ 

10 

150 


120 


ns 

Clock Rise or Fall 

5 





//c 

Time: t r , tf 

10 

Not rise or fall time sensitive. 



STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) j 

Units 

D 

F,H Packages 

E Package 

VO 

(V) 

V|N 

(V) 

VDD 

(V) 

-55 

+25 1 

+125 

-40 

+25 

+85 

Typ.j 

Limit 

Typ. 

Limit 

Quiescent Device 
Current, \ \_ Max. 

- 

- 

5 

1 

0.005 

1 

60 

10 

0.01 

10 

140 

M A 

- 

- 

10 

2 

0.005 

2 

120 

20 

0.02 

20 

280 

- 

- 

15 

25 

0.25 

25 

1000 

250 

2.5 

250 

2500 

Output Voltage: 
Low-Level, 

V 0L 

- 

EH 

5 

0 Typ.; 0.05 Max. 

V 

- 


m 

0 Typ.; 0.05 Max. 

High Level, 

VOH 

- 

Em 

5 

4.95 Min.; 5 Typ. 

- 

3B3 

m 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 

VNL 

m 

B 

B 

1.5 Min.; 2.25 Typ. 

B 

g 

- 

nu 

3 Min.; 4.5 Typ. 

Inputs High, 

vnh 

EH 

•- 

5 

1.5 Min.; 2.25 Typ. 

i 

- 

na 


Noise Margin: 
Inputs Low, 
VNML 


- 

5 

1 Min. 

B 

9 

_ 

m 

1 Min. 

Inputs High, 
VNMH 

KdJ 

- 

5 

1 Min. 

i 

- 

na 

1 Min. 

Output Drive 
Current: 
n-Channel 
(Sink), 
l D N Min. 

0.5 

l 

B 


1 




fl 

B 

0.18 

1 


B 

10 

1.25 

2 

1 

0.7 

0.6 

B 


0.45 

p-Channel 

(Source), 

IqP Min. 

m 

- 

5 

HflB 

IB 

0 



11 


HBB 


- 

10 

-1.15 

-2 

|0 

-0.6 


IB 

B 


Input Leakage 
Current, 
l|U l|H Max. 

Any 

Input 

15 

± 10 “ ^ Typ.; 1 Max. 

yJK 



92CS- 20I86RI 

Fig. 2 - Typical output n-channel drain 
characteristics. 


DRAIN -TO -SOURCE VOLTAGE (Vo S )— V 



Fig. 3 - Typical output p-channel drain 
characteristics. 



Fig. 4 — Minimum n-channel drain characteristics. 


DRAIN - TO - SOURCE VOLTAGE (V DS )— V 



Fig. 5 — Minimum p-channel drain characteristics. 
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CD4042A Types 



NOTES: 

1. FOR POSITIVE CLOCK EDGE, INPUT DATA IS LATCHED WHEN 
POLARITY IS LOW. 

2. FOR NEGATIVE CLOCK EDGE, INPUT DATA IS LATCHED WHEN 
POLARITY IS HIGH. 


92CS-27630 



•2CS- 20200 

Fig. 11 - Typical dissipation characteristics. 



92CS-2763I 

Fig. 7 — Typical propagation delay time vs. 
load capacitance— data to Q. 



“ 600 

it i i*i ill ii i mi 4 perature <ta> ■ 25 * c p ; iiiimi 

"x 
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■I ■liB 

$ 400 

a 
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UJ 

% 200 

am 

1 


| 100 







I 


il 

• 1 


— 20 40 60 80 100 (20 140 ' 

LOAD CAPACITANCE (C L ) — pF 


92CS-27633 ] 

Fig. 9 — Typical propagation delay time vs. load 
capacitance — dock to Q. 



Fig. 10 — Typical propagation delay time vs. load 
capacitance — clock to Q. 



Fig. 12 — Quiescent device current test circuit. 



Fig. 13 — Noise immunity test circuit. 



Fig. 14 — Input leakage current test circuit. 






CD4043A, CD4044A Types 


COS/MOS Quad 3-State 
R/S Latches 

Quad NOR R/S Latch - CD4043A 
Quad NAND R/S Latch - CD4044A 

The RCA-CD4043A types are quad cross- 
coupled 3-state COS/MOS NOR latches and 
the CD4044A types are quad cross-coupled 
3-state COS/MOS NAND latches. Each latch 
has a separate Q output and individual SET 
and RESET inputs. The Q outputs are con- 
trolled by a common ENABLE input. A log- 
ic "1" or high on the ENABLE input con- 
nects the latch states to the Q outputs. A 



logic "0" or low on the ENABLE input 

disconnects the latch states from the Q out- Applications: 


puts, resulting in an open circuit condition 

on the Q outputs. The open circuit feature * Holding register in multi- 
allows common busing of the outputs. The register system 

logic operation of the latches is summarized ™ Four bits of independent 
in the truth table shown in Fig. 1 . storage with output ENABLE 

These types are supplied in 16-lead hermetic U Strobed register . 
dual-in-line ceramic packages (D and F * General digital logic 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (T stg ) -65to+150°C 

OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D, F, H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to V$s Terminal): —0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P D ): 


FOR T a = -40 to +60°C (PACKAGE TYPE E) 500 mW 

FOR T A = +60 to +85 °C (PACKAGE TYPE E ) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D, F ) 500 mW 

FOR T A = +100 to +125°C (PACKAGE TYPES D, F) . . .Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS . -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265°C 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 





LIMITS 



CHARACTERISTIC 

VDD 

(V) 

D,F,H 

Packages 

E 

Package 

UNITS 



Min. 

Max. 

Min. 

Max. 


Supply-Voltage Range 







(ForT A = Full Package 

Temperature Range 


3 

12 

3 

12 

V 

Set or Reset Pulse 

5 

200 

- 

225 

- 

ns 

Width, t\i\j 

10 

100 

, - 

110 

- 



Features: 


■ 3-Level outputs with common 
output ENABLE 

■ Separate SET and RESET inputs 
for each latch 

■ NOR and NAND configurations 

■ Quiescent current specified to 15 V 

■ Maximum input leakage of 1 /xA at 15 V 
(full package-temperature range) 

■ 1-V noise margin (full package-temperature 
range) 




COS/MOS PROTECTION NETWORK. 

92CS— 22887RI 

CD4044A-NAND 


r ONE of four latches”] 



*0PEN CIRCUIT 
+ NO CHANGE 

AA DOMINATED BY R = 0 INPUT 

92CS-202I2 

Fig. 1 — • Logic diagrams and truth tables. 
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CD4043A, CD4044A Types 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) ) 

Units 

D, F,H Packages 

E Package 

v 0 

(V) 

V|N 

(V) 

VDD 

(V) 

-55 

+25 

+125 

-40 

+25 

+85 

Typ. 

Limit 

Typ. 

Limit 

Quiescent Device 
Current, l|_ Max. 

- 

- 

5 

1 

0.005 

1 

60 

10 

0.01 

10 

140 

ma 

- 

- 

10 

2 

0.005 

2 

120 

20 

0.02 

20 

280 

- 

- 

15 

25 

0.25 

25 

1000 

250 

2.5 

250 

2500 

Output Voltage: 
Low-Level, 

VOL 

— 

0,5 

5 

0 Typ.; 0.05 Max. 

V 

— 

0,10 

10 

0 Typ.; 0.05 Max. 

High Level, 

VOH 

- 

0,5 

5 

4.95 Min.; 5 Typ. 

- 

0,10 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 

vnl 

4.2 

- 

5 

1.5 Min.; 2.25 Typ. 

V 

- 9 

— 

10 

3 Min.; 4.5 Typ. 

Inputs High, 

VNH 

0.8 

- 

5 

1.5 Min.; 2.25 Typ.; 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 
Inputs Low, 
VNML 

4.5 

- 

5 

1 Min. 

V 

9 

— 

10 

1 Min. 

Inputs High, 
VNMH 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 
Current: 
n-Channel 
(Sink), 
l D N Min. 

0.5 

- 

5 

0.25 

0.5 

0.2 

0.19 

0.12 

0.5 

0.1 

0.09 

mA 

0.5 

- 

10 

0.61 

1 

0.5 

0.35 

0.3, 

1 

0.25 

0.22 

p-Channel 
(Source), 
l D P Min. 

4.5 

— 

5 

-0.22 

-0.5 

-0.175 

-0.12 

-0.11 

-0.5 

-0.09 

-0.08 

9.5 

- 

10 

-0.5 

-1 

-0.4 

-0.28 

-0.24 

-1 

-0.2 

-0.18 

Input Leakage 
Current, 
l|L. 'IH 

Any 

Input 

15 

±10~ 5 Typ.; ±1 Max. 

fiA 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C; Input t r , tf = 20 ns, C L = 15 pF, 

R L = 200 k a 


CHARACTERISTIC 

VDD 

(V) 

LIMITS 

UNITS 

D,F,H 

Packages 

£ 

Package 

Typ. 

Max. 

Typ. 

Max. 

Propagation Delay 

5 

175 

350 

175 

400 


Time: tp|_||_* *PLH 






ns 

SET or RESET to Q 

10 

75 

175 

75 

200 


3-State Propagation Delay 

Time: ENABLE to Q 

5 

100 

200 

100 

200 

ns 


10 

50 

100 

50 

100 


*PHZ ' *PZH 








5 

80 

160 

80 

160 


l PLZ' X PZL 

10 

40 

80 

40 

80 

ns 

Transition Time: 

5 

100 

200 

100 

250 

ns 

l THL' *PLH 

10 

50 

100 

50 

125 


Minimum SET or RESET 

5 

80 

200 

80 

225 

ns 

Pulse Width, % 

10 

40 

100 

40 

110 


Average Input Capacitance, C| 

(Any Input) 

- 

5 

- 

5 

- 

pF 



pjg 2 _ Typical outpu t n-channel drain 
characteristics. 



9ZCS-202I6 

Fig . 3— Typical output p-channe! drain 
characteristics. 



Fig. 4 — Minimum n-channel drain characteristics. 


DRAIN-TO- SOURCE VOLTAGE <V DS )—V 



Fig. 5 — Minimum p-channe! drain characteristics. 
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CD4043A, CD4044A Types 


3S0[ AMBIENT TEMPERATURE (T A )*25*C - 
I TYPICAL TEMPERATURE COEFFICIENT “ 
5 FOR I d . 0 3 •/. /»C - 


AMBIENT TEMPERATURE {T A )*2S*C - 

TYPICAL TEMPERATURE COEFFICIENT : 
FOR I 0 * 0.3 % /*C 



Fig. 6 — Typical propagation delay time vs. Cf_. 


LOAD CAPACITANCE <C L I — pF 

I92CS-20220 

Fig. 7 — Typical transition time vs. C^. 
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92CS-2020I 

Fig . 8 — Typical dissipation characteristics. 


vss 


NOTE. 

TEST ANY ONE INPUT, 
WITH OTHER INPUTS AT 
,-27400 V 00 0RV SS 


Fig. 9 — Quiescent device current test circuit. 


Fig. 10— Noise immunity test circuit. 


MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH V 00 ANOV SS 
CONNECT ALL UNUSED 
INPUTS TO EITHER 

v do orv ss 


92CS-27402 

Fig. 11 — Input leakage current test circuit. 


TEST IN 

IN 

A 

*PHZ V DD 

v SS 

Vss 

‘PLZ V SS 

Q 

O 

> 

V DD 

‘PZH V D0 

Vss 

vss 

+ PZL V SS 

VDD 

VDD 


J J^C L - 15 pF 


v ss 

J 90% « 2/3 V D| 


POINT A 

(iN-v 00 .m.v ss ) 

POINT _A 

(in-vss.in- vdo* 

1 P2L~' 


92CS-2T597 

Fig. 12 — ENABLE propagation delay time test circuit and waveforms. 


APPLICATIONS 




r CD4 00I 1 

J V ofT\> f- 



Fig. 13 — Switch bounce eliminator. 


6 reset 

Fig. 14 — Multiple bus storage. 
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CD4045A Types 


COS/MOS 21-Stage Counter 


The RCA-CD4045A is a timing circuit con- 
sisting of 21 counter stages, two output- 
shaping flip-flops, two inverter output 
drivers, three 5.5-V zener diodes (providing 
transient protection at 16.5 V), and input 
inverters for use in a crystal oscillator. The 
CD4045A configuration provides 21 flip- 
flop counting stages, and two flip-flops for 
shaping the output waveform for a 3.125% 
duty cycle. Push-pull operation is provided 
by the inverter output drivers. 

The first inverter is intended for use as a 
crystal oscillator/amplifier. However, it may 
be used as a normal logic inverter if desired. 
A crystal oscillator circuit can be made less 
sensitive to voltage-supply variations by the 
use of source resistors. In this device, the 
sources of the p and n transistors have been 
brought out to package terminals. If external 
resistors are not required, the sources must 
be shorted to their respective substrates (S p 
to Vqq, S n to V35). See Fig. 3. 


These types are supplied in 1 6-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 1 6-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 

Applications: 

■ Digital equipment in which ultra-low 
dissipation and/or operation using a 
battery source are primary design 
requirements. 

■ Accurate timing from a crystal 
oscillator for timing applications 
such as wall clocks, table clocks, 
automobile clocks, and digital 
timing references in any circuit 
requiring accurately timed outputs 
at various intervals in the counting 
sequence. 

■ Driving miniature synchronous motors, 
stepping motors, or external bipolar 
transistors in push-pull fashion. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (T stg ) -65to+150°C 

OPERATING-TEMPERATURE RANGE (T A ): Q 

PACKAGE TYPES D, F,H -55to+125 Q C 

PACKAGE TYPE E -40 to +85 C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgs Terminal): —0.5 to +15 V 


POWER DISSIPATION PER PACKAGE (P D ): 

FOR T a = -40 to +60°C (PACKAGE TYPE E) ^ . . .500 mW 

FOR T a = +60 to +85°C (PACKAGE TYPE E ) Derate Linearly at 12 mW/°C to 200 mW 

FOR T a = -55 to +100°C (PACKAGE TYPES D, F.) ^ . . .500 mW 

FOR T a = +100 to +1 25°C (PACKAGE TYPES D, F) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS ' -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): o 

At distance 1/16 ±1/32 inch (1.59 ±0.79 mm) from case for 10 s max , +265 C 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

Vdd 

(V) 

LIMITS 

UNITS 

D,F,H 

Packages 

E 

Package 

Min. Max. 

Min. 

Max. 

Supply-Voltage Range (ForTA=Full 
Package-Temperature Range) 


3 

12 

3 

12 

V 

Input-Pulse Width, tyy 

5 

10 

115 

60 



140 

75 

_ 

ns 

Input-Pulse Frequency, f 0 

5 

10 

dc 

dc 

4.4 

8.5 

dc 

dc 

3.5 

6.5 

MHz 

Input-Pulse Rise or Fall Time, t r 0 , tf0 

5 

10 

— 

15 

10 

- 

15 

10 

ps 



Features: 

■ Microwatt quiescent dissipation 

2.5 l±\N (typ.) @ V DD = 5 V; 
10juW(typ.)@V DD = 10V 

B Very low operating dissipation 

1 mW (typ.);@ V DD = 5 V, f0= 1 MHz 

■ Output drivers with sink or source 

capability 

7 mA (typ.)@V o = 0.5 V, 

V DD = 5 v ( sink > 

5 mA (typ.) @ V 0 = 4.5 V, 

V DD = 5 V (source) 

■ Medium speed (typ.) 

f0 = 5 MHz @ V DD = 5 V 
f 0= 10 MHz @ V DD = 10 V 

■ 16.5 V zener diode transient protection 
on chip for automotive use 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 juA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-temper- 
ature range) 


NOTE1: To minimize power dissipation in the 
zener diodes, and to ensure device 
dissipation less than 200 mW, a 150 £2 
current-limiting resistor must be placed 
in series with the power supply for 
V DD >13 V. 


NOTE 2: Observe power-supply terminal connec- 
tions, V dd is terminal No. 3 and Vss is 
terminal No. 14 (not 16 and 8 respec- 
tively, as in all other CD4000A Series 
16-lead devices). 
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CD4045A Types 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 



D,F,H Packages 

E Package 

vo 

(V) 


IW1 


+25 

+125 


+25 

+85 




EB3 


Quiescent Device 
Current l|_ Max. 

- 

- 

n 

m 

Bn 

m 



i 


Kilil 

M A 

- 

- 

m 

m 

n 

25 


100 

2 

ica 

BB1SI 

- 

- 

m 

Kil 

n 

50 

2000 

500 

5 

500 

5000 

Output Voltage: 
Low-Level, 

V 0 L 

- 

a 

D 

0 Typ.; 0.05 Max. 

V 

- 

m 

B3 

0 Typ.; 0.05 Max. 

High Level 

VOH 

- 

0 

5 . 

4.95 Min.; 5 Typ. 

- 

0 

KH 

9.95 Min.; 10 Typ. 

m 

m 

- 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

a 

3 Min.; 4.5 Typ. 

Inputs High 

Vnh 


- 

5 

1.5 Min.; 2.25 Typ. 


- 



Noise Margin: 

Inputs Low, 

Vnml 

m 

- 


1 Min. 


9 

— 

m 

1 Min. 

Inputs High, 
VNMH 

BE! 

- 

El 

1 Min. 

i 

- 

na 

1 Min. 

Output Drive 
Current: 
n-Channel 
(Sink) 

IqN Min. 

0.5 


5 

4.4 

7 

3.5 

2.5 

2.2 

7 

1.8 

1.3 


0.5 

- 

m 


B 

US 

^9 

9 

m 


2 

p-Channel 
(Source) : 

IqP Min. 

4.5 

- 

D 

m 

B 

■B 

BS 

SE 

m 




- 

m 


B 



m 

m 



Input Leakage 
Current, 
l|L, IlH 

i 

■ 

i 

±10 — ^ Typ., ±1 Max. 


Zener Breakdown 
Voltage, V( BR)Z 

1-100 /zA 








BS 

BH 

■ 

B53 

- 

FEE1 

- 

- 

- 

ram 

- 

- 

Max. 

17.8 


18 

18.2 

17.8 


18 

18.1 



V D0 



OUTPUTS 



NOTE- 

TEST ANY COMBINATION 
OF INPUTS 


92CS-2744 1 



92CS- 20955 

Fig. 8 - Typical propagation delay ((j)j to 
y or y+d out) vs V DD- 



Fig. 9 — Typical transition time vs Cj_. 



92CS- 27475 

Fig. 10 — Typical maximum input-pulse 
frequency. 


V DD 

MD* 

Vss 


T 

Vss 


NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V D0 AN0V SS - 
CONNECT ALL UNUSED 
INPUTS TO EITHER 

v 00 OR v ss 


92CS-27402 


Fig. 11 — Quies ".en t-device-curren t 
test circuit. 


Fig. 12 — Noise-immunity test circuit. 


Fig. 13 — Input-leakage-current test circuit. 
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CD4046A Types 


COS/MOS Micropower Phase-Locked Loop 


■ Choice of two phase comparators: 
1. Exclusive-OR network 


The RCA-CD4046A COS/MOS Micropower 
Phase-Locked Loop (PLL) consists of a low- 
power, linear voltage-controlled oscillator 
(VCO) and two different phase comparators 
having a common signal-input amplifier and 
a common comparator input. A 5.2-V zener 
diode is provided for supply regulation if 
necessary. 

These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (Esuffix), 16-lead ceramic flat package 
(K suffix), and in chip form (H suffix). 

VCO Section 

The VCO requires one external capacitor Cl 
and one or two external resistors (R1 or R1 
and R2). Resistor R1 and capacitor Cl 
determine the frequency range of the VCO 
and resistor R2 enables the VCO to have a 
frequency offset if required. The high input 
impedance ( 1 0^ 212) 0 f the VCO simplifies 
the design of low-pass filters by permitting 
the designer a wide choice of resistor-to- 
capacitor ratios. In order not to load the 
low-pass filter, a source-follower output of 
the VCO input voltage is provided at terminal 
10 (DEMODULATED OUTPUT). If this 
terminal is used, a load resistor (Rs) of 10 
k£2 or more should be connected from this 
terminal to Vgg. If unused this terminal 
should be left open. The VCO can be con- 
nected either directly or through frequency 
dividers to the comparator input of the 
phase comparators. A full COS/MOS logic 
swing is available at the output of the VCO 
and allows direct coupling to COS/MOS 
frequency dividers such as the RCA-CD4024, 
CD4018, CD4020, CD4022, CD4029, and 
CD4059. One or more CD4018 (Preset- 
table Divide-by-N Counter) or CD4029 (Pre- 
settable Up/Down Counter), or CD4059A 
(Programmable Divide-by-"N" Counter), to- 
gether with the CD4046A (Phase-Locked 
Loop) can be used to build a micropower 
low-frequency synthesizer. A logic 0 on the 
INHIBIT input "enables" the VCO and the 
source follower, while a logic 1 "turns off" 
both to minimize stand-by power consump- 
tion. 

Phase Comparators 

The phase-comparator signal input (terminal 
14) can be direct-coupled provided the signal 
swing is within COS/MOS logic levels [logic 
"0" <30% (Vqd-Vss), logic "1" > 70% 
(Vdd _ V ss)] • For smaller swings the signal 
must be capacitively coupled to the self- 
biasing amplifier at the signal input. 

Phase comparator I is an exclusive-OR net- 
work; it operates analagously to an over- 
driven balanced mixer. To maximize the lock 
range, the signal- and comparator-input fre- 
quencies must have a 50% duty cycle. With 
no signal or noise on the signal input, this 
phase comparator has an average output 
voltage equal to Vqd/ 2. The low-pass filter 
connected to the output of phase comparator 
I supplies the averaged voltage to the VCO 
input, and causes the VCO to oscillate at the 
center frequency (f 0 ). 

The frequency range of input signals on 
which the PLL will lock if it was initially 


Features: 

■ Very low power consumption: 

70 jiW (typ.) at VCO f 0 = 10 kHz, V D D = 5 V 

■ Operating frequency range up to 1.2 MHz (typ.) 
atV DD = 10 V 

■ Wide supply-voltage range: Vdd — V$s = 5 
to 15 V 

■ Low frequency drift: 0.06%/°C (typ.) 


at V DD = 10V 



92CS— 22887RI 


2. Edge-controlled memory network with 
phase-pulse output for lock indication 

■ High VCO linearity: 1% (typ.) 

■ VCO inhibit control for ON-OFF keying 
and ultra-low standby power consumption 

■ Source-follower output of VCO control input 
(Demod. output) 

■ Zener diode to assist supply regulation 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 pA 
at 15 V (full package-temperature range) 

Applications: 

■ FM demodulator and modulator 

■ Frequency synthesis and multiplication 

■ Frequency discriminator 

■ Data synchronization 

■ Voltage-to-frequency conversion 

■ Tone decoding 

■ FSK — Modems 

■ Signal conditioning 

■ (See ICAN-6101) "RCA COS/MOS 
Phase-Locked Loop — A Versatile 
Building Block for Micropower 
Digital and Analog Applications" 


F/ff. 1 — COS/MOS phase-locked loop block diagram. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ) 

PACKAGE TYPES D. F. H -55 to +125°C 

PACKAGE TYPE E -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE. (Vqq) 

(Voltages referenced to Vgg Terminal) —0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P D ): 

FOR T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

FOR T a = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D, F ) 500 mW 

FOR T a = +100 to + 1 25°C (PACKAGE TYPES D. F ) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 


out of lock is defined as the frequency cap- 
ture range (2f c ). 

The frequency range of input signals on 
which the loop will stay locked if it was 
initially in lock is defined as the frequency 
lock range ( 2f |_) . The capture range is <the 
lock range. 

With phase comparator I the range of fre- 
quencies over which the PLL can acquire 
lock (capture range) is dependent on the 
low-pass-filter characteristics, and can be 
made as large as the lock range. Phase-com- 


parator I enables a PLL system to remain 
in lock in spite of high amounts of noise 
in the input signal. 

One characteristic of this type of phase com- 
parator is that it may lock onto input fre- 
quencies that are close to harmonics of the 
VCO center-frequency. A second charac- 
teristic is that the phase angle between the 
signal and the comparator input varies be- 
tween 0° and 180°, and is 90° at the center 
frequency. Fig. 2 shows the typical, trian- 
gular, phase-to-output response characteristic 
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92CS- 20009 

Fig. 2 — Phase-comparator I characteristics 
at low-pass filter output. 

of phase-comparator I. Typical waveforms 
for a COS/MOS phase-locked-loop employ- 
ing phase comparator I in locked condition 
of f 0 is shown in Fig. 3. 


SIGNAL INPUT (TERM. 14) 

VCO OUTPUT (TERM 4). 
COMPARATOR INPUT 
(TERMS) 

PHASE COMPARATOR Z 
OUTPUT (TERM. 2) 

VCO INPUT (TERM. 9)* 
•LOW- PASS FILTER 
OUTPUT 


ju~u~ir 


— •''DO 


V SS 

92CS-20OI0RI 


Fig. 3 — Typical waveforms for COS/MOS phase- 
locked loop employing phase comparator 
I in locked condition of f 0 . 


Phase-comparator II is an edge-controlled 
digital memory network. It consists of four 
flip-flop stages, control gating, and a three- 
state output circuit comprising p- and n-type 
drivers having a common output node. When 
the p-MOS or n-MOS drivers are ON they 
pull the output up to Vdd or down to 
VSS/ respectively. This type of phase com- 
parator acts only on the positive edges of 
the signal and comparator inputs. The duty 
cycles of the signal and comparator inputs 
are not important since positive transitions 
control the PLL system utilizing this type 
of comparator. If the signal-input fre- 
quency is higher than the comparator-input 
frequency, the p-type output driver is main- 
tained ON most of the time, and both the 
n and p drivers OFF (3 state) the remainder 
of the time. If the signal-input frequency 
is lower than the comparator-input frequen- 
cy, the n-type output driver is maintained 
ON most of the time, and both the n and 
p drivers OFF (3 state) the remainder of 
the time. If the signal- and comparator- 
input frequencies are the same, but the 
signal input lags the comparator input in 
phase, the n-type output driver is main- 
tained ON for a time corresponding to the 
phase difference. If the signal- and com- 
parator-input frequencies are the same, but 
the comparator input lags the signal in phase, 
the p-type output driver is maintained ON 
for a time corresponding to the phase dif- 
ference. Subsequently, the capacitor voltage 
of the low-pass filter connected to this phase 
comparator is adjusted until the signal and 
comparator inputs are equal in both phase 
and frequency. At this stable point both p- 
and n-type output drivers remain OFF and 
thus the phase comparator output becomes 
an open circuit and holds the voltage on the 
capacitor of the low-pass filter constant. 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following range: 


CHARACTERISTIC 

LIMITS 

UNITS 

Min. 

Max. 

Supply Voltage Range (For T A = Full Package 
Temperature Range 

3 

12 

V 


ELECTRICAL CHARACTERISTICS at T A = 25°C 


Characteristic 

Test Conditions 

Limits 

All Package Types 
D,E,F,H 

Min. | Typ. | Max. 

Units 


v 0 

Volts 

Vdd 

Volts 

Phase Comparator Section | 

Operating Supply Voltage, Vqd — Vss 

VCO Operation 

- 

5 

- 

15 

V 

Comparators only 

_ 

3 

_ 

15 

Total Quiescent Device Current, 1 1_ : 
Term. 14 Open 

Term. 1 5 open 

Term. 5 at Vqq 

Terms. 3 & 9 at Vss 

5 

10 

- 

25 

200 

55 

410 

pA 

Term. 14 at V$S or Vqq 

5 

10 

15 

- 

5 

25 

50 

15 

60 

500 

Term. 14 (SIGNAL IN) 

Input Impedance, Zj4 


5 

10 

15 

1 

0.2 

2 

0.4 

0.2 

- 


AC-Coupled Signal Input 

Voltage Sensitivity* 

(peak-to-peak) 

See Fig. 7 

5 

10 

15 

- 

200 

400 

700 

400 

800 

mV 

DC-Coupled Signal Input 
and Comparator Input 

Voltage Sensitivity 

Low Level 


5 

10 

15 

1.5 

3 

4.5 

2.25 

4.5 

6.75 

- 

V 

High Level 


v 0 

Volts 

5 

10 

15 

- 

2.75 

5.5 

8.25 

3.5 

7 

Output Drive Current: 

n-Channel (Sink), IpN 

Phase Comparator 

1 & II Term. 2 & 13 

0.5 

0.5 

5 

10 

0.43 

1.3 

0.86 

2.5 

- 

mA 

Phase Pulses 

0.5 

0.5 

5 

10 

0.23 

0.7 

0.47 

1.4 

- 

p-Channel (Source), IqP 

Phase Comparator 

l& II Term. 2 & 13 

4.5 

9.5 

5 

10 

-0.3 

-0.9 

-0.6 

-1.8 

- 

Phase Pulses 

4.5 

9.5 

5 

10 

-0.08 

-0.25 

-0.16 

-0.5 

- 

Input Leakage Current, l||_, Ijh Max. 

Any Input 


15 

- 

±10“ 5 

±1 

pA 


* For sine wave, the frequency must be greater than 1 kHz for Phase Comparator II. 


SIGNAL INPUT (TERM. 14) 


VCO OUTPUT (TERM 4)* 
COMPARATOR INPUT 
(TERM 3) 


VCO INPUT (TERM. 9)* 
•LOW-PASS FILTER 
OUTPUT 

PHASE PULSE (TERM. I) 


|* I + D 4 - IK — j 

n l n j, r 

J - i—a-j - !— *_r 



ft- g- -Vnn 

-v ss 

1 * — T£ 


NOTE: DASHED LINE IS AN OPEN-CIRCUIT CONDITION 92CS-200HRI 


Fig. 4 — Typical waveforms for COS/MOS phase-locked loop 
employing phase comparator II in locked condition. 
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ELECTRICAL CHARACTERISTICS at T A = 25°C 


Characteristic 

Test 

Conditions 

Limits 

All Package Types 
D,E,F,H 

Min. | Typ. | Max. 

Units 


vo 

Volts 

Vdd 

Volts 

VCO Section | 

Operating Supply Voltage 

vdd-vss 

As fixed oscillator only 


3 

- 

15 

V 

Phase-lock-loop operation 


5 

- 

15 

Operating Power 
Dissipation, Pq 

f G = 10 kHz RpIMfl 

r 2 = °° . /rr , V DD 

VCOin ~~~2~ 

5 

- 

70 

- 

JLlW 

10 

- 

600 

- 

15 

- 

2400 

- 

Maximum Operating 
Frequency, f max 

Rl = 10kf2 
R 2 =oo 

vcoin = Vdd 

Cl = 100 pF 

5 

0.25 

0.5 

- 

MHz 

Cl = 50 pF 

10 

0.6 

1.2 

- 

,15 

- 

1.5 

- 

Center Frequency (f 0 ) and 
Frequency Range, 

fmax~fmin 

Programmable with external components Rl, R2, and Cl 

See Design Information 

Linearity 

VCOin = 2.5 V ± 0.3 V, Rl > 10 kfi 

5 

- 

1 

- 

% 

= 5 V ± 2.5 V, Rl > 400 kft 

10 

- 

1 

- 

= 7.5 V± 5 V, Rl = 1 Mft 

15 

- 

1 

- 

Temperature-Frequency 

Stability*: 

No Frequency Offset 

fMIN = 0 

%/°C a 

f*VDD 

R2 = °c 

5 

10 

,5 


0.12-0.24 

0.04-0.08 

0.015-0.03 

- 

%/°C 

Frequency Offset 

fMIN^O 

%/0 Ca 3 

f.VpD 

5 

10 

15 

- 

0.06-0.12 

0.05-0.1 

0.03-0.06 

- 

Input Resistance of 

VCO|N (Term 9), R l 


5,10,15 

- 

1012 

- 

n 

VCO Output Voltage 
(Term 4) 

Low Level, VoL 

Driving COS/MOS-Type 

Load (e.g. Term 3 

Phase Comparator Input) 

5,10,* 5 

- 

- 

0.01 

V 

High Level, Vqh 

5 

10 

15 

4.99 

9.99 

14.99 

- 

- 

VCO Output Duty Cycle 



5,10,15 

- 

50 

- 

% 

VCO Output T ransition 
Times, tjHL.tTLH 


v 0 

Volts 

5 

10 

15 

- 

75 

50 

40 

150 

100 

ns 

VCO Output Drive 
Current: 

n-Channel (Sink), IpN 


0.5 

0.5 

5 

10 

0.43 

1.3 

0.86 

2.6 

- 

mA 

p-Channel (Source), IqP 


4.5 

9.5 

5 

10 

-0.3 

-0.9 

-0.6 

-1.8 

_ 

Source-Follower Output 
(Demodulated Output): 
Offset Voltage 

(VCO||\|-V d em> 

RS> lOkft 

5,10 

15 

- 

1.5 

1.5 

2.2 

V 

Linearity 

Rs>50kn 

VCO in = 2.5±0.3 V 

= 5±2.5 V 

= 7.5±5 V 

5 

10 

15 


0.1 

0.6 

0.8 

- 

% 

Zener Diode Voltage (V z ) 

I Z = 50 /iA 


4.5 

5.2 

6.1 

V 

Zener Dynamic 

Resistance, R Z 

I Z = 1 mA 


- 

100 

- 

ft 


• Positive coefficient. 


Moreover the signal at the "phase pulses" 
output is a high level which can be used for 
indicating a locked condition. Thus, for 
phase comparator II, no phase difference 
exists between signal and comparator input 
over the full VCO frequency range. More- 
over, the power dissipation due to the low- 
pass filter is reduced when this type of phase 
comparator is used because both the p- and 
n-type output drivers are OFF for most of 
the signal input cycle. It should be noted 
that the PLL lock range for this type of phase 
comparator is equal to the capture range, 
independent of the low-pass filter. With no 
signal present at the signal input, the VCO 
is adjusted to its lowest frequency for phase 
comparator II. Fig. 4 shows typical wave- 
forms for a COS/MOS PLL employing phase 
comparator II in a locked condition. 
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DESIGN INFORMATION 

This information is a guide for approximating 
the values of external components for the 
CD4046A in a Phase-Locked-Loop system. 
The selected external components must be 
within the following ranges: 


10kH<R1, R2 f Rs<1 M£2 
Cl >100 pF at V DD >5 V; 

Cl > 50 pF at Vdd > 10 V 
In addition to the given design information 
refer to Fig.5 for R 1 , R2, and Cl component 
selections. 


Characteristics 

Phase 

Comparator 

Used 

Design Information 

VCO Frequency 

1 

VCO WITHOUT OFFSET 

R2 = °o 

VCO WITH OFFSET 

’max 

♦o 

7 fT 

f MAX 

'MN 

1 


V 0D ^2 Voo 

VCO INPUT VOLTAGE 

Vt£>/2 V 0D 

VCO INPUT VOLTAGE 

92CS-200I2M 

2 

Same as for No. 1 

For No Signal Ijaput 

1 

VCO will adjust to center frequency, f 0 

2 

VCO will adjust to lowest operating frequency, f m j n 

Frequency Lock 

Range, 2 f|_ 

1 

2 f|_ = full VCO frequency range 

2 f L = fmax - Win 

2 

Same as for No.1 

Frequency Capture 
Range, 2 fQ 

Loop Filter 

Component 

Selection 

1 

O — WVi - O (1)« (2) 

i'i*R3C2 1 (2trfL 

IN R3 OUT 

s R « For 2 fc, see Ref. (2) 

i" 

92CS-2I90I 

2 

fC = fL 

Phase Angle Between 
Signal and Comparator 

1 

90° at center frequency (f 0 ) approximating 0° 
and 180° at ends of lock range (2 f[_) 

2 

Always 0° in lock 



Fig.5(a ) — Typical center frequency vs Cl for 
R1 = 10 kSl, and 1 MSI and f 0 ~ 1/R1 Cl. 



Fig.5(b) — Typical frequency offset vs Cl for 
R2 = 10 kSl, 100 kSl, and 1 MSI. 



Fig. 5(c) - Typical fmax^min 1/5 R2/R1. 



Fig.6(a) — Typical VCO power dissipation at center 
frequency vs R1. 



R2-Kft 


92CS-2I887 

Fig.6(b ) — Typical VCO power dissipation at 
fmin vs R2. 



NOTE: Lower frequency values are obtainable if larger values of Cl 
than shown in Figs. 5(a) and 5(b) are used. 


Fig.6(c) — Typical source follower power dissipation 
vs Rs ■ 


NOTE: To obtain approximate total power dissipation of PLL system for no-signal input 
Pq (Total) = Pp (f 0 ) + P D ( f MIN> + P D < R S> “ Phase Comparator I 
Pq (Total) = Pq (fMIN) ~ Phase Comparator II 






CD4046A Types 


DESIGN INFORMATION (Cont'd): 


Characteristics 

Locks On Harmonic of 
Center Frequency 
Signal Input 
Noise Rejection 


Phase 

Comparator 

Used 


Design Information 


VCO WITHOUT OFFSET 

R2 = 00 

- Given: f Q 

- Use f 0 with Fig. 5a to 
determine R1 and Cl 


VCO WITH OFFSET 

- Given: f 0 and f(_ 

- Calculate f m j n from 
the equation 

fmin = fo - fL 

- Use f m j n with Fig.Bb 
to determine R 2 and Cl 


VCO 

Component 

Selection 


- Given: f max 

- Calculate f Q from 
the equation 

, _ fmax 

,o — r 

—Use f 0 with Fig.5a to 
determine R1 and Cl 


from the equation 
fmax fp + fL 
fmin fo _ fL 

, , fmax . , 

— Use with 

fmin 

Fig.5c to determine 
ratio R2/R1 to obtain 
R1 


- Use f min with Fig. 5b 
to determine R2 and Cl 
n fmax 


- Use 7—^— with Fig.5c 


to determine 
ratio R2/R1 to 

__ obtain R1 

For further information, see 

(1) F. Gardner, "Phase-Lock Techniques" John Wiley and Sons, New York, 1966 

(2) G. S. Moschytz, "Miniaturized RC Filters Using Phase-Locked Loop", BSTJ, May, 1965. 





PEAK-TO-PEAK SIGNAL INPUT VOLTAGE 


Fig. 7 — Typical lock range vs signal input amplitude. 


Fig. 8 (a) and (b) — Typical VCO linearity vs R1 and C 
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COS/MOS Low-Power 

Monostable/Astable 

Multivibrator 

The RCA-CD4047A consists of a gatable 
astable multivibrator with logic techniques 
incorporated to permit positive or negative 
edge-triggered monostable multivibrator 
action with retriggering and external count- 
ing options. 

Inputs include +TRIGGER, —TRIGGER, 
ASTABLE, ASTABLE, RETRIGGER, and 
EXTERNAL RESET. Buffered outputs are 
Q, Q, and OSCILLATOR. In all modes of 
operation an external capacitor must be con- 
nected between C-Timing and RC-Common 
terminals, and an external resistor must be 
connected between the R-Timing and RC- 
Common terminals. 

Astable operation is enabled by a high level 
on the ASTABLE input. TTie period of the 
square wave at the Q and Q Outputs in this 
mode of operation is a function of the ex- 
ternal components employed. "True" input 
pulses on the ASTABLE input or " Com- 
plement" pulses on the ASTABLE input 
allow the circuit to be used as a gatable 
multivibrator. The OSCILLATOR output 
period will be half of the Q terminal output 
in the astable mode. However, a 50% duty . 
cycle is not guaranteed at this output. 

In the monostable mode, positive-edge 
triggering is accomplished by application of 
a leading-edge pulse to the +TRIGGER 
input and a low level to the -TRIGGER 
input. For negative-edge triggering, a trailing- 
edge pulse is applied to the —TRIGGER and 
a high level is applied to the +TRIGGER. 
Input pulses may be of any duration relative 
to the output pulse. The multivibrator can 
be retriggered (on the leading edge only) by 
applying a common pulse to both the 
RETRIGGER and +TRIGGER inputs. In 
this mode the output pulse remains high as 
long as the input pulse period is shorter than 
the period determined by the RC compo- 
nents. 

An external countdown option can be imple- 
mented by coupling "Q" to an external 
"N" counter and resetting the counter with 
the trigger pulse. The counter output pulse is 
fed back to the ASTABLE input and has a 
duration equal to N times the period of the 
multivibrator. 

A high level on the EXTERNAL RESET 
input assures no output pulse during an 
"ON" power condition. This input can also 
be activated to terminate the output pulse at 
any time.ln the monostable mode, a high- 
level or power-on reset pulse, must be 
applied to the EXTERNAL RESET when- 
ever Vqd ' s applied. 


These types are supplied in14-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 14-lead dual-in-line plastic pack- 
age (E suffix), 14-lead ceramic flat package 
(K suffix), and in chip form (H suffix). 

Features: 

■ Low power consumption: special 
COS/MOS oscillator configuration 

■ Monostable (one-shot) or astable 
(free-running) operation 

■ True and complemented buffered 
outputs 

■ Only one external R and C required 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 

1 //A at 15 V (full package-temperature 
range) 

■ 1-V noise margin (full package-temper- 
ature range) 

Monostable Multivibrator Features: 

■ Positive- or negative-edge trigger 

■ Output pulse width independent of 
trigger pulse duration 

■ Retriggerable option for pulse width 
expansion 

■ Long pulse widths possible using small 
RC components by means of external 
counter provision 

■ Fast recovery time essentially independent 
of pulse width 

■ Pulse-width accuracy maintained at duty 
cycles approaching 100% 



Astable Multivibrator Features: 

■ Free-running or gatable operating modes 

■ 50% duty cycle 

■ Oscillator output available 

■ Good astable frequency stability: 

Frequency deviation: 

=±2% + 0.03%/°C @ 100 kHz 
=±0.5% + 0.015%/°C @ 10 kHz 
(circuits "trimmed" to frequency 

V D D = 1 ° v±10 %> 

Applications : 

Digital equipment where low-power dissipa- 
tion and/or high noise immunity are primary 
design requirements: 

■ Envelope detection 

■ Frequency multiplication 
• Frequency division 


r ■ Frequency discriminators 



Fig. 1 — CD4047A logic block diagram. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) -65to+150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, H -55to+125°C 

PACKAGE TYPE E : -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, <V DD ) 

(Voltages referenced to V$s Terminal) : —0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P D ) 

FOR T a = -40 to +60 °C (PACKAGE TYPE E ) 500 mW 

FOR T a = +60 to +85 °C (PACKAGE TYPE E ) Derate Linearly at 12 mW/°C to 200 mW 

FOR T a = -55 to +100°C (PACKAGE TYPES D, F ) 500 mW 

FOR T a = +100 to +1 25°C (PACKAGE TYPES D, F) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265°C 
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RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 





LIMITS 



CHARACTERISTIC 

V DD 

d,f,h 

Packages 

E 

Package 

UNITS 



Min. 

Max. 

Min. 

Max. 


Supply-Voltage Range (For Ta=FuII 

Package- Temperature Range) 


3 

12 

3 

12 

V 

Input Pulse Width, tyy 

5 

1000 

_ 

1300 

_ 

ns 

(Any Input) 

10 

400 

- 

600 

- 

Trigger, Retrigger 

5 

_ 

15 

_ 

15 

Ms 

Rise or Fall Time, t r , tf 

10 

- 

5 

- 

5 



Fig. 2 — Typical output n-channe / drain 

characteristics for Q and Q buffers. 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristics 

Conditions 

Limits at Indicated Temperatures (°C) 

Units 

D r F,H Packages 

| E Package 

v 0 

(V) 

V|N 

(V) 

VDD 

(V) 


+25 

+125 

-40 

+25 



Typ. 

Limit 

csa 

BED 

+85 

Quiescent Device 
Current lj_ Max. 

- 

- 

5 

5 

0.03 

5 

300 

m 

m 

KM 

BSBB1 

MA 

- 

- 

10 

10 

0.05 

10 

600 

n 

IB 

IEJ 

iron 

- 

- 

15 

50 

1 

50 

2000 

lEfffi 

D 

ESI 

EETiTfl 

Output Voltage: 
Low-Level, 

VOL 

. 

5 

5 

0 Typ.; 0.05 Max. 

V 


10 

10 

0 Typ.; 0.05 Max. 

High Level 

VOH 

~ 

0 

5 

4.95 Min.; 5 Typ. 


0 

10 

9.95 Min., 10 Typ. 

Noise Immunity: 
Inputs Low, 

vnl 

4.2 

- 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 

vnh 

0.8 

- 

5 

1.5 Min.; 2.25 Typ. 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 

Inputs Low, 

VNML 

4.5 


5 

1 Min. 

. 


9 * 


o 

1 Min. 

Inputs High, 

Vnmh 



5 

1 Min. 

i 


10 

1 Min. 

Output Drive 

Current: 

(Q,Q Outputs) 

n-channel 

(Sink), 

IqN Min. 


1 

5 


0.8 

0.4 

0.28 

0.34 

0.8 

0.28 

0.23 



B 

E3 


B 

n 

m 


B 

EH 


p-Channel 

(Source): 

iDPMin. 

m 

B 

H 

BP 

m 

ill 

£0 


EH 

BH 

-0.23 

IE3 

B 

m 

m 

B 

B 

EH 


B 

.. 1 

-0.6 



■ 

i 


MA 



Fig. 3 — Minimum output n-channe! drain 
characteristics for Q and Q buffers. 


DR A IN -TO- SOURCE VOLTAGE (Vos'— V 



Fig. 4. — Typical output p-channel drain 

characteristics for Q and Q buffers. 



Fig. 5 — Minimum output p-channel drain 
characteristics for Q and Q buffers. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r , t f = 20 ns, C L = 15 pF, 

R l = 200 k£2 




LIMITS 


CHARACTERISTICS 

TEST 

CONDITIONS 

D,F,H 

Packages 

E 

Package 

UNITS 



VDD 

(Volts) 

Min. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 


Propagation Delay Time: 
tpHL ' tPLH 

Astable, Astable 
to Osc. Out 


5 

- 

200 

400 

- 

200 

550 



10 

- 

100 

200 

- 

100 

275 


Astable, Astable 


5 

- 

550 

900 

- 

550 

1200 


to Q, Q 


10 

- 

250 

500 

- 

250 

650 


+Trigger, -Trigger 
to Q,Q 


5 

_ 

700 

1200 

- 

700 

1600 

ns 


10 

- 

300 

600 

- 

300 

800 

+Trigger, Retrigger 
to Q, Q 


5 

- 

300 

600 

- 

300 

800 



10 

- 

175 

300 

- 

175 

400 


External Reset 


5 

- 

300 

600 

- 

300 

800 


to Q,Q 


10 

- 

125 

250 

- 

125 

350 


Transition Time: 
tTHL^TLH 

a, a 


5 

- 

75 

125 

- 

75 

150 



10 

- 

45 

75 

- 

45 

100 

ns 

Osc. Out 


5 

— 

75 

150 

- 

75 

180 


10 

- 

45 

100 

- 

45 

130 


Minimum Input Pulse 


5 

- 

500 

1000 

- 

500 

1300 

ns 

Width (any input), tyy* 


10 

- 

200 

400 

- 

200 

600 

+Trigger, Retrigger 


5 


- 

15 

■ - 

- 

15 

Ms 

Rise & Fall Time, t r , tf 


10 

- 

- 

5 

- 

- 

5 

Average Input 
Capacitance, C| 

Any 

Input 


- 

5 

- 

- 

5 

- 

pF 


* Input pulse widths below the minimum specified may cause malfunction of the unit. 
See Application Note ICAN - 6230 



Fig. 6 — Typical low-to-high level propagation 
delay time vs toad capacitance for Q 
and Q buffers. 



Fig. 7 — Typical transition time vs load capa- 
citance for Q and Q buffers. 

I. Astable Mode Design Information 
A. Unit-to-Unit Transfer- Voltage 
Variations. 

The following analysis presents worst- 
case variations from unit to unit as a 
function of transfer-voltage (Vjr) 
shift (33%— 67% V DD ) for free- 
running (astable) operation. 


TERMINAL raJVLifJTTjgJ - 
TERMINAL 10 1 *A/2 | 


|* *A * 


92CS-20027. 


CD4047A FUNCTIONAL TERMINAL CONNECTIONS 

NOTE: IN ALL CASES EXTERNAL RESISTOR BETWEEN TERMINALS 2 AND 3* 
EXTERNAL CAPACITOR BETWEEN TERMINALS 1 AND 3* 


FUNCTION 

TERMINAL CONNECTIONS 

OUTPUT 

PULSE 

FROM 

OUTPUT PERIOD 
OR 

PULSE WIDTH 

TO Vqd 

TO V S S 

INPUT 

PULSE 

TO 

Astable Multivibrator: 

Free Running 

True Gating 

Complement Gating 

4.5.6.14 

4.6.14 
6,14 

7,8,9,12 

7.8.9.12 

5.7.8.9.12 

5 

4 

10,11,13 

10,11,13 

10,11,13 

t a( 1 0, 1 1 )=4.40 RC 
t A (13)=2.20 RC 

Monostable Multivibrator: 
Positive-Edge Trigger 
Negative-Edge Trigger 
Retriggerable 

External Countdown* 

4,14 

4,8,14 

4,14 

14 

5,6,7,9,12 
5,7,9,12 
5,6, 7,9 
5,6,7,8,9,12 

8 

6 

8,12 

10,11 
10,11 
10,11 ’ 
10,11 

tM(10,11)=2.48 RC 


* Input Pulse to Reset of External Counting Chip External Counting Chip Output To Terminal 4 A See Text. 


Fig. 8 — Astable mode waveforms. 


tj = -RC In 


V TR 


V D d + V TR 


t 2 = -RC In 


V DD ~ V TR 

2V D d ~ V TR 


t A = 2 (t-j + 1 2 ) 

0 __ ( v trKv dd -v tr ) 

= -2 RC In 

(V D d + V TR^ 2V DD ~ V TR> 

Typ: Vy R = 0.5Vpp t A = 4.40 RC 
Min: Vy R = 0.33 Vpp t A = 4.62 RC 
Max: V tr = 0.67V dd t A = 4.62RC 

thus if |t A = 4.40 RC| is used, the maximum 
variation will be (+5.0%,— 0.0%). 
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B. Variations Due to Vppand Temperature Vqq and temperature. Typical variations 

Changes are presented in graphical form in Figs. 

In addition to variations from unit to 10 to 20 with 10 V as reference for 

unit, the astable period may vary as a voltage variation curves and 25°C as 

function of frequency with respect to reference for temperature variation curves. 



05 10 15 

SUPPLY VOLTAGE (V DD )— -V 92CS-2H4I 


Fig. 10 — Typical Q-and-5-period accuracy 
vs supply voltage (high frequency). 



SUPPLY VOLTAGE (V 0D ) — V 


Fig. 11 — Typical Q-and-Q-period accuracy 

vs supply voltage (medium frequency ) 



SUPPLY VOLTAGE <V 00 > — V 92CS-2I443 

Fig. 12— Typical Q-and-Q-period accuracy 
vs supply voltage (low frequency) . 



Fig. 15 — Typical oscillator-output-period 


accuracy vs supply voltage (high 
frequency). 



SUPPLY VOLTAGE (V 0D ) — V 


Fig. 13 — Typical Q-and-Q- period accuracy 

vs supply voltage (very low frequency). 



SUPPLY VOLTAGE <V 00 ) — V 92CS-2i44t 

Fig. 16 — Typical oscillator-output-period 


accuracy vs supply voltage 
(medium frequency) . 


■ 6 | AMBIENT TEMPERATURE (T A )»25*C 



FREQUENCY (f l — Hi 

92CS-2I J90 

Fig. 14 — Typical Q-and 5-period accuracy 
vs frequency for Vqq variation 
of ± 10% from value indicated. 



AMBIENT TEMPERATURE (T*) — *C ^ ^ ^ 

Fig. 17 — Typical Q- and 5-period accuracy 

vs temperature (medium frequency). 
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AMBIENT TEMPERATURE (T A ) — *C 92 cs-2i«4« 

Fig. 18 — Typical Q- and Q-period accuracy Fig. 19 — Typical oscillator-period accuracy 

vs temperature (high frequency). vs temperature (medium frequency). 


II. Monostable Mode Design Information 
The following analysis presents worst- 
case variations from unit to unit as a 
function of transfer-voltage (Vy R ) shift 
(33% — 67% Vqq) for one-shot (mono- 
stable) operation. 



92CS-20028 


Fig. 21 — Monostable waveforms. 



SUPPLY VOLTAGE (V DD > — V 92CWl45 

Fig. 22 - Typical Q- and Q-pulse-width 
accuracy vs supply voltage 
(t M = 15, 60, 120 l±s). 


t«|'= -RC In 


V TR 

2V DD 


t M =(ti' + t 2 ) 

(V TR> < V DD“ V TR> 

*M = —RC ,n 

(2V D d “ V TR) ( 2v DD^ 
where t^/j = Monostable mode pulse width. 
Values for t|y| are as follows: 

Typ: V tr = 0.5V dd t M - 2.48 RC 
Min: V TR = 0.33 V DD t M = 2.71 RC 
Max. V TR = 0.67 V DD t M = 2.48 RC 


Thus if |t[\/| = 2.48 RC| is used, the maximum 
variation will be (+9.3%, —0.0%). 


Note: 

In the astable mode, the first positive half 
cycle has a duration of Tm; succeeding 
durations are X&/2. 


In addition to variations from unit to unit, 
the monostable pulse width may vary as a 
function of frequency with respect to Vqq 
and temperature. These variations are 
presented in graphical form in Fig. 22 to 27 
with 10 V as reference for voltage-variation 
curves and 25°C as reference for temper- 
ature-variation curves. 



0 5 10 15 

SUPPLY VOLTAGE <V 0D ) — V 

Fig. 24 — Typical Q- and Impulse-width 
accuracy vs supply voltage 
( t M ^ 100ms). 



Fig. 26 - Typical Q and Q pulse-width 
accuracy vs temperature 
(high frequency). 




SUPPLY VOLTAGE (V 0 D> — v 92CS-2I 

Fig. 23 - Typical Q- and Q-pulse-width 
accuracy vs supply voltage 


(t M - 0.5, 1, 10 ms). 



Fig. 25 — Typical Q- and & pulse-width 


accuracy vs Q and Q pulse width 
for a variation of — 10% from 
value indicated. 



Fig. 27 — Typical Q and Q pulse-width 
accuracy range vs temperature. 
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III. Retrigger Mode Operation 

The CD4047A can be used in the 
retrigger mode to extend the output- 
pulse duration, or to compare the fre- 
quency of an input signal with that of 
the internal oscillator. In the retrigger 
mode the input pulse is applied to 
terminals 8 and 12, and the output is 
taken from terminal 10 or 1 1. As shown 
in Fig. 28, normal monostable action is 
obtained when one retrigger pulse is 
applied. Extended pulse duration is 
obtained when more than one pulse is 
applied. For two input pulses, tp£=ti' 
+ t*| + 2t2- For more than two pulses, 
tRE (Q OUTPUT), terminates at some 
variable time, tQ, after the termination 
of the last retrigger pulse, tp is variable 
because tRE (Q OUTPUT) terminates 
after the second positive edge of the 
oscillator output appears at flip-flop 4 
(see Fig. 8). 

IV. External Counter Option 

Time t|yj can be extended by any a- 
mount with the use of external counting 
circuitry. Advantages include digitally 
controlled pulse duration, small timing 
capacitors for long time periods, and 
extremely fast recovery time. A typical 
implementation is shown in Fig. 29. 
The pulse duration at the output is 
text = (N— 1)(tA) + + W 2 ) 

where t ext = pulse duration of the cir- 
cuitry, and N is the number of counts 
used. 

V. Timing-Component Limitations 

The capacitor used in the circuit should 
be non-polarized and have low leakage(i.e. 
the parallel resistance of the capacitor 
should be an order of magnitude greater 
than the external resistor used). There is 
no upper or lower limit for either R or C 
value to maintain oscillation. 

However, in consideration of accuracy, C 
must be much larger than the inherent 
stray capacitance in the system (unless 
this capacitance can be measured and 
taken into account). R must be much 
larger than the COS/MOS "ON" resist- 
ance in series with it, which typically is 
hundreds of ohms. In addition, with 
very large values of R, some short-term 
instability with respect to time may be 
noted. 

The recommended values for these 
components to maintain agreement with 
previously calculated formulas without 
trimming should be: 

C > 100 pF, up to any practical value, for 
astable modes; 

C > 1000 pF, up to any practical value 
for monostable modes. 

10 k^<R <1 


VI. Power Consumption 

In the standby mode (Monostable or 
Astable), power dissipation will be a 
function of leakage current in the 
circuit, as shown in the static electrical 
characteristics. For dynamic operation, 
the power needed to charge the external 
timing capacitor C is given by the 
following formulae: 

Astable Mode: P = 2CV 2 f. (Output at 
terminal No. 13) 

P = 4CV2f. (Output at 
terminal Nos. 10 and 11) 

Monostable Mode: 

p - (2.9CV2) (Duty Cycle) 
T 

(Output at terminal 

Nos. 10 and 11) 


The circuit is designed so that most of 
the total power is consumed in the 
external components. In practice, the 
lower the values of frequency and 
voltage used, the closer the actual power 
dissipation will be to the calculated 
value. 

Because the power dissipation does not 
depend on R, a design for minimum 
power dissipation would be a small 
value of C. The value of R would 
depend on the desired period (within 
the limitations discussed above). See 
Figs. 30—32 for typical power con- 
sumption in astable mode. 



92CS-20030R2 


Fig. 28 — Implementation of external 
counter option. 



Fig. 30 - Power dissipation vs output 
frequency (V DD = 5 V). 


'° 6 f ASTABLE MODE 

rSUPPLY VOLTAGE (V DD )*IOV 


* to 5 - 



92CS-2I4I3 

Fig. 31 — Power dissipation vs output 
frequency (Vqq= 10 V). 
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CD4048A Types 


COS/MOS Multi-Function 
Expandable 8-Input Gate 


The RCA- CD4048A is an 8-input gate 
having four control inputs. Three binary 
control inputs - Ka, Kb, and Kc - provide 
the implementation of eight different logic 
functions. These functions are OR, NOR, 
AND, NAND, OR/AND, OR/NAND, AND/ 
OR, and AND/NOR. 

A fourth control input — Kd — provides the 
user with 3-state outputs. When control 
input Kd is high the output is either a logic 
1 or a logic 0 depending on the input states. 
When control input Kd is low, the output is 


an open circuit. This feature enables the 
user to connect this device to a common 
bus line. 

In addition to the eight input lines, an 
EXPAND input is provided that permits the 
user to increase the number of inputs to one 
CD4048A, (see Fig. 6). For example, two 
CD4048A*s can be cascaded to provide a 
16-input multifunction gate. When the 
EXPAND input is not used, it should be 
connected to Vss. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (T stg ) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D,F,H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vss Terminal): • • —0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P D ) 

FOR T A = -40 to +60 °C (PACKAGE TYPE E ) 500 mW 


FOR T A = +60 to +85 °C (PACKAGE TYPE E ) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D, F) ■ • -500 mW 

FOR T A = +100 to +125°C (PACKAGE TYPES D, F) .... .Derate Linearly at 1 2 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265 C 


NOR OR NANO AND 



Fig. 1 — Basic logic configurations. 




RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 



These types are supplied in 1 6-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age(Esuffix), 16-lead ceramic flat package 
(K suffix), and in chip form (H suffix). 



Features: 

■ Medium-power TTL drive capability 

■ Three-state output 

■ High current source and sink capability 

9 mA (typ.) @ V DS = 0.5 V, V DD = 10 V 

■ Many logic functions available in one 
package 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 pA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package- 
temperature range) 


Applications: 

■ Selection of up to 8 logic functions 

■ Digital control of logic 

■ General-purpose gating logic 
— Decoding 

— Encoding 



0 3 10 19 

DRAIN-T0-S0URCE VOLTAGE (V DS )-V 

92C3- 20243ft! 


Fig. 2— Typical output n-channel drain 
characteristics . 
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CD4048A Types 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) 

Units 

D,F,H Packages 

E Package 

V 0 

(V) 

V|N 

(V) 

V DD 

(V) 

-55 

+25 

+125 

-40 

+25 

+85 


Typ. 

Limit 


Typ. 

Limit 

Quiescent Device 
Current l|_ Max. 

- 


5 

1 

0.005 

1 

60 

10 

0.01 

10 

140 

pA 

- 


10 

2 

0.01 

2 

120 

20 

0.02 

20 

280 

- 

- 

15 

25 

0.5 

25 

1000 

250 

2.5 

250 

2500 

Output Voltage: 
Low Level, 

VOL 

- 

5 

5 

0 Typ.; 0.05 Max. 

V 

- 

10 

10 

0 Typ.; 0.05 Max. 

High Level 
v OH 

- 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 

Vnl 

4.2 

- 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 

Vnh 

0.8 

- 

5 

1.5 Min.; 2.25 Typ. 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 
Inputs Low, 
V NML 

■ 

■ 

5 

1 Min. 


9 

- 

10 

1 Min. 

Inputs High, 
V NMH 

nm 

- 

5 

1 Min. 

i 

- 

10 

1 Min. 

Output Drive 
Current: 
n-Channel(Sink) 
IqN Min. 


H 

1 


3.2 





1.6 


£ 




m 

El 

m 

S3 

m 

9 

IS 


p-channel 
(Source), 
l D P Min. 

4.6 

1 

■ 





E 

Q 

B 


9.5 

- 

m i 

a 

1 

a 


a 

m 


& 

Input Leakage 
Current, 

1 1 L' 1 IH 

A 

ny Inp 

ut 

15 

± 10 — 5 Typ., ± 1 Max. 


3-State Output 
Leakage Current 
'OU'OH 

Forced 

(Output Disabled) 

- 1-1 15 

±10 -4 Typ., ±2 Max. 

jUA 



DRAIN-TO-SOURCE VOLTAGE (V DS )— V 

»2CS- 

Fig. 3— Minimum output n-channel drain 
characteristics 


DRAIN-TO-SOURCE VOLTAGE (Vds>~ V 



Fig. 4— Typical output p-channei drain 
characteristics. 

DRAIN-TO-SOURCE VOLTAGE (V DS ) — V 



Fig. 5— Minimum Output p-channef drain 
characteristics. 



Fig. 6— Typical power dissipation as a 
function of input frequency. 
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CD4048A Types 


DYNAMIC ELECTRICAL CHARACTER ISTCS at T A = 25°C and C L = 15pFand 50 pF, 
Typical Temperature Coefficient for all values of Vqq = 0.3%/°C R|_ = 20( 

C L = 15pF 


AMBIENT TEMPERATURE (T A )-25 # C 

TYPICAL TEMP COEFFICIENT AT ALL VALUES OF Vpo-03 %/» C 


j SUPPLY VOLTAGE Wdd)‘5V[ 


CHARACTERISTIC 


Propagation Delay Time 

t PHL 

Transition Time: 
High-to*Low Level ty|_n_ 


TEST 

CONDITIONS 


Low-to-High Level tjL|_| 

Input Capacitance Cj Any Input 


D,F,H 

Packages 


V DD 

(Volts) 

TYP. 

MAX/ 

TYP. 

MAX.* 

5 

750 

1300 

750 

1600 

10 

225 

400 

225 

500 

5 

90 

140 

90 

170 

10 

30 

50 

30 

65 

5 

130 

250 

130 

300 

10 

40 

60 

40 

75 


5 

- 

5 

- 


5 

775 

1350 

775 

1650 

10 

240 

430 

240 

530 

5 

105 

170 

105 

200 

10 

40 

70 

40 

85 

5 

145 

280 

145 

330 

10 

50 

80 

50 

95 


Propagation Delay Time £ 775 1350 775 1650 

t PLH ,t PHL 10 240 430 240 530 >a 

Transition Time: 5 105 1^0 105 200 

High-to-Low Level tjHL 10 40 70 40 85 ' * 

. + u . . . 5 145 280 145 330 

Low-to-High Level t-ri m ns 

10 50 80 50 95 

Input Capacitance C| Any Input 5 — 5 — pF 

* Max. Limits represent worst-case limits for worst-case modes of operation shown in Figs. 15, 16, and 1 7. 


Fig. 7— Typical propagation delay time as a 
function of load capacitance. 


O' 20 40 60 80 too 120 140 160 180 

LOAD CAPACITANCE (Cl) — pF 


I AMBIENT TEMPERATURE (T A )>25*C 

1 TYPICAL TEMP COEFFICIENT AT ALL VALUES OF VOO'O-J %/*C 


Fig. 8— Typical low-to-high level transition 

time as a function of load capacitance. 


0 20 40 60 80 100 120 M0 160 180 

LOAD CAPACITANCE IC L ) — pF 


Fig. 9— Typical high-to-low level transition 

time as a function of toad capacitance. 



Fig. 10 — Quiescent-device-current 
test circuit. 



NOTE: 

TEST ANY ONE INPUT. 
WITH OTHER INPUTS AT 

CS- 27400 V D0°RV SS 


Fig. 11— Noise-immunity 
test circuit. 


Vss 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V 0D AN0V SS - 
CONNECT ALL UNUSED 
INPUTS TO EITHER 





-I r-’TLH 
92CS-22265 


Fig. 12- Input-leakage-current 
test circuit. 


Fig. 13- t THL' t TLH ~ AN D/NOR. 
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CD4048A Types 



r — I 8 CD4048A 9^ 

v ss vJs 

12- INPUT OR/AND GATE 

J*( A + B+C + D)-(E + F + G+H)- (XI + X2+X3+X4) 




Fig. 14(a) ■ 12-input OR /AND gate. 





VOD J (OUTPUT) 


1 W 16 
2 15 

_J L_ 

-►Vss v DD J^ 

1 V “ < ' 16 

2 15 

3 14 

A| H 2 

3 14 

4 13 

B | G 2 

4 13 

5 12 

C| F Z 

5 12 

6 1 1 

Ka - ® 1 Eg *Kb 

6 1 1 

7 10 

8 CD4048A 9 

— ► V $ s 1 

■^v DD 

7 10 

8 CD4048A 9 


16- INPUT NOR GATE 92CS-2024I 

J * A| +B| +C| +0| +E| +F| +G| +Hj +A2+B2+C2+D2+E2'*"^2*®2'^2 

Fig. 14(b) 16-input NOR gate. 

Applications of Expand Input 

IMPLEMENTATION OF EXPAND INPUT FOR 9 OR MORE INPUTS 


OUTPUT 

FUNCTION 

FUNCTION 
NEEDED AT 
EXPAND INPUT 

OUTPUT BOOLEAN 
EXPRESSION 

NOR 

6r 

J=(A+B+C+D+E+F+G+H)+(EXP) 

OR 

OR 

J=(A+B+C+D+E+F+G+H)+(EXP) 

AND 

NAND 

J=(ABCDEFGH)-(El<P) 

NAND 

NAND 

J=(ABCDEFGH)-(£XP) 

OR/AND 

NOR 

J= { A+B+C+D) • ( E+F+G+H )• ( EXP) 

OR/NAND 

NOR 

J=(A+B+C+D)-(E+F+G+H)-(E3cF) 

AND/NOR 

AND 

J=(ABCD)+(EFGH)+(EXP) 

AND/OR 

AND 

J=(ABCD)+(EFGH)+(EXP) 



Fig. 15- tp L u - NAND. 



»phl H I— 

92CS- 22264 


Fig. 16— tpfj[_ — AND. 


Note: (EXP) designates the EXPAND function (i.e., X>j+X2 + . . . X|\j). 





Fig. 14(c) Actual-cirpuitlogic configurations. 

Fig. 14— Expansion logic and truth table. 
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CD4048A Types 



TG = Transmission Gate 
Input to Output is: 

a) A bidirectional low impedance when 
control input 1 is low and control 

2 is high. 

b) An open circuit when control input 1 
is high and control input 2 is low. 

92CM-2Z23IRI 


FUNCTION TRUTH TABLE 


OUTPUT 

BOOLEAN EXPRESSION 

K a 

Kb 

K r 

UNUSED 

FUNCTION 




INPUT* 

NOR 

J=A+B+C+D+E+F+G+H 

0 

0 

0 

V SS 

OR 

J=A+B+C+D+E+F+G+H 

0 

0 

1 

V SS 

OR/AND 

J=(A+B+C+D)*(E+F+G+H) 

0 

1 

0 

V SS 

OR/NAND 

J=(A+B+C+D)-(E+F+G+H) 

0 

1 

1 

V SS 

AND 

J=ABCDEFGH 

1 

0 

0 

V DD 

NAND 

J=ABCDEFGH 

1 

0 

1 

Q 

Q 

> 

AND/NOR 

J=ABCD+EFGH 

1 

1 

0 

V DD 

AND/OR 

J=ABCD+EFGH 

1 

1 

1 

V DD 

K^l Normal Inverter Action 





K^O High Impedance Output 






EXPAND lnput=0 *See Figs. 1 and 7. 


Fig. 17— Logic diagram and truth table. 
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CD4049A, CD4050A Types 

COS/MOS Hex Buffer/Converters 


CD4049A— Inverting Type 
CD4050A— Non-Inverting Type 

The CD4049A and CD4050A are inverting 
and non-inverting hex buffers, respectively, 
and feature logic-level conversion using only 
one supply voltage (Vcc)- The input-signal 
high level (V|h) can exceed the Vqc supply 
voltage when these devices are used for logic- 
level conversions. These devices are intended 
for use as COS/MOS to DTL/TTL converters 
and can drive directly two DTL/TTL loads. 
(Vcc=5 V, VoL >0.4 V, and l D N >3.2 mA.) 

The CD4049A and CD4050A are designated 
as replacements for CD4009A and CD4010A, 
respectively. Because the CD4049A and 
CD4050A require only one power supply, 
they are preferred over the CD4009A and 
CD4010A and should be used in place of the 
CD4009A and CD4010A in all inverter, cur- 
rent driver, or logic-level conversion appli- 
cations. In these applications the CD4049A 
and CD4050A are pin compatible with the 
CD4009A and CD4010A respectively, and 
can be substituted for these devices in 
existing as well as in new designs. Terminal 
No. 16 is not connected internally on the 
CD4049A or CD4050A, therefore, connection 
to this terminal is of no consequence to cir- 
cuit operation. For applications not re- 
quiring high sink-current or voltage conver- 
sion, the CD4069 Hex Inverter is recom- 
mended. 

These types are supplied in 16 -lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16 -lead dual-in-line plastic pack- 
age (E suffix), 1 6 -lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 

Features: 

■ High sink current for driving 2 TTL loads 

■ High-to-low level logic conversion 

■ Quiescent current specified to 15 V 

■ Maximum input leakage of 1 juA at 15 V 
(full package-temperature range) 

Applications: 

■ COS/MOS to DTL/TTL hex converter 

■ COS/MOS current "sink" or "source" 
driver 

■ COS/MOS high-to-low logic-level 
converter 


RECOMMENDED OPERATING CONDITIONS at T A =25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

Min. ( Max. 

UNITS 

Supply-Voltage Range (Vqq) (For T A =Full Package- 
Temperature Range) 

3 

12 

V 

Input Voltage Range (V|) 

V CC* 

12 

V 


The CD4049 and CD4050 have high-to-low-level voltage conversion capability but not 
low-to-high-level; therefore it is recommended that V| > ^CC~ 

STATIC ELECTRICAL CHARACTERISTICS 

I I 1 Limits at Indicated Temperatures (°Cj 


Characteristic 

Conditions 

D, 

,F,H Packages \ 

E Package 


V 0 

V|N 

v cc 

-55 

\ +25 | 

+125 

-40 

| +25 ] 

+85 


(V) 

(V) 

(V) 


Typ. 

Limit 



Typ. 

Limit 


Quiescent 

Device 

_ 

_ 

5 

0.3 

0.01 

0.3 

20 

3 

0.03 

3 

42 


- 

- 

10 

0.5 

0.01 

0.5 

30 

5 

0.05 

5 

70 

Current, 
li Max. 

- 

- 

15 

10 

0.02 

10 

100 

50 

0.05 

50 

500 


Voltage: 

Low-Level, 


0, 5 

5 

0 Typ.; 0.05 Max. 

v OL 

- 

0, 10 

10 

0 Typ.; 0.05 Max. 

High-Level, 

- 

0, 5 

5 

4.95 Min.; 5 Typ. 

V OH 

- 

0, 10 

10 

9.95 Min.; 10 Typ. 


Noise 

Immunity: 

Inputs Low, 3.6 
V NL 7.2 

CD4050A 

Inputs High, 1.4 
V NH "Z8~ 

All Types 

Inputs Low, 3.6 
V NL 7.2 

CD4049A 

Noise 

Margin: 

Inputs Low, 4.5 

v NML Min - 9 

CD4050A 

Inputs High, 


1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 

1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 

1 Min.; 1 .5 Typ. 

2 Min.; 3 Typ. 











CD4049A, CD4050A Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T $tg ) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D. F. H -55 to +125 °C 

PACKAGE TYPE E -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V cc ) 

(Voltages referenced to Vgg Terminal) —0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P D ): 

FOR T A = -40 to +60°C (PACKAGE TYPE E ) 500 mW 

FOR T A = +60 to +85°C (PACKAGE TYPE E ) Derate Linearly at V2 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D, F) 500 mW 

FOR T a = +100 to + 1 25°C (PACKAGE TYPES D, F ) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 ± 1 /32 inch ( 1 .59 ± 0.79 mm) from case for 10 s max +265°C 



INPUT VOLTAGE (Vj)— V 

92CS-20460 


Fig. 3— Minimum and maximum voltage 
transfer characteristics for 
CD4050A. 



INPUT VOLTAGE (Vj )— V 

92CS- 20405 


Fig. 6— Typical voltage transfer charac- 
teristics as a function of tempera- 
ture for CD4049A. 

DRAIN -TO-SOURCE VOLTAGE (Vos> — V 



Fig. 9— Typical and minimum p-channel drain 
characteristics as a function of gate- to- 
source voltage (Vq§) for CD4049A, 
CD4Q50A. 



Fig. 4 — Minimum and maximum voltage 
transfer characteristics for 
CD4049A. 



INPUT VOLTAGE (Vj 1— V 

9 2CS- 204 04 


Fig. 7— Typical voltage transfer charac- 
teristics as a function of tempera- 
ture for CD4050A. 



0 20 40 60 80 100 


LOAD CAPACITANCE <C L )-pF 

Fig. 10-Typical high-to-low level propagation delay 
time vs. C[_ for CD4049A. 



Fig. 2-Minimum and maximum voltage 
transfer characteristics for 
CD4049A. 



Fig. 5— Minimum and maximum voltage 
transfer characteristics for 
CD4050A. 



DRAIN- TO-SOURCE VOLTAGE (V D$ ) — V 


Fig. 8— Typical and minimum n-channel drain 
characteristics as a function of gate- to- 
source voltage (V q$) for CD4049A, CD4050A. 



Fig. 1 1 -Typical high-to-low level propagation delay 
time vs. Cj_ for CD4050A. 
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CD4049A, CD4050A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A =25°C; Input t r ,tf=20 ns 
Ci =15 pF, R i=200 k £2 


CHARACTERISTIC 


Propagation Delay Time: 
Low-to-High, tpi_n 

CD4049A 

CD4050A 


High-to-Low, tpH|_ 

CD4049A 

CD4050A 


Transition Time: 

Low-to-High, tj[_pj 

High-to-Low, tjui 


AMBIENT TEMPERATURE (T A ) -25*C 
TYPICAL TEMPERATURE COEFFICIENT 
FOR ALL VALUES OF V cc • 0.3%/*C 


a sasa iss:;;;: 
pF ::: 
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Fig. 12— Typical low-to-high level propagation delay 
time 1/5. C, for CD4049A. 







-=n!ln!!!lniyin!ill!==!=l==lHi!!lin[K5n!ul 


::::::::::::::: 

::::::::::::::: 

ililil 

illll! 

ip! •' 

i 

mm 

Ililil 

I 

- 

Miillllli 


::: 

];] 

II 

:: 

:: 

H 

: ::::: 

: ::::: 

i ::::: 

11 

1 iiiii 

H 


LOAD CAPACITANCE (C L >— pF 

92CS- 20468 

Fig. 13— Typical low-to-high level propagation delay 
time vs. C, for CD4050A. 
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CD4057A Types 


COS/MOS LSI 4-Bit Arithmetic Logic Unit 


The RCA-CD4057A is a low-power arithme- 
tic logic unit (ALU) designed for use in LSI 
computers. An arithmetic system of virtually 
any size can be constructed by wiring to- 
gether a number of CD4057A ALU's. The 
CD4057A provides 4-bit arithmetic opera- 
tions, time sharing of data terminals, and full 
functional decoding for all control lines. The 
distributed control system of this device 
provides great flexibility in system designs 
by allowing hard-wired connection of N 
units in 4^ unique combinations. Four 
control lines provide 16 instructions which 
include Addition, Subtraction, Bidirectional 
and Cycle Shifts, Up-Down Counting, AND, 
OR, and Exclusive-OR logic operations. 

Two mode control lines allow the CD4057A 
to function as any 4-bit section of a larger 
arithmetic unit by controlling the bidirec- 
tional serial transfer of data to adjacent 
arithmetic arrays. By means of three "Con- 
ditional Control" lines Overflow, All Zeros, 
and Negative State conditions may be 


Applications: 

■ Parallel Arithmetic Units 

■ Process Controllers 

■ Remote Data Sets 

■ Graphic Display Terminals 


detected and used toestablish a conditional 
operation. Predetermined operation of the 
CD4057A on a conditional basis allows 
greater ALU flexibility. Although especially 
applicable as a parallel arithmetic unit, the 
CD4057A also finds use in virtually any 
application requiring one or more of its 16 
basic instructions. The CD4057 A is supplied 
in a hermetically sealed 28-lead dual-in-line 
ceramic package (CD4057AD), 28-lead cer- 
amic flat package (CD4057AK), and in chip 
form (CD4057AH). 


SHIFT /STORE I 
REGISTER I 


; functional a 

MODE CONTROLS 


CONDITIONAL 

CLOCK 

GATING 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) -65 to +150°C 

OPERATING-TEMPERATURE RANGE <T A ) : 

PACKAGE TYPES D. H -55 to +125°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to V 55 Terminal) —0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P D >: 

FOR T A = . -55 to +100 U C (PACKAGE TYPES D) 500 mW 

FOR T a = +100 to + 1 25°C (PACKAGE TYPES D ) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1 /32 inch ( 1 .59 ± 0.79 mm) from case for 10 s max +265°C 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


500 mW 

Derate Linearly at 12 mW/°C to 200 mW 


CHARACTERISTIC 

Supply-Voltage Range (For T^ = Full 
Package-Temperature Range) 

Setup Time, to 

DATA 

OP CODE 


Clock Pulse Width, tyy 

Clock .Input Frequency, f^L 

Count Mode 

Shift Mode 


Clock Rise or Fall Time, t r CL, tfCL 


Vdd 

LIMITS 

(V) 

Min. Max. 


3 12 

5 

40 

10 

20 

5 

4590 

10 

1320 

5 

1200 

10 

375 

5 

0.13 

10 

0.46 

5 

0.33 

10 

1.4 

5 

15 

10 

15 


Fig. 1 — Block diagram — CD4057A. 

Features: 

■ LSI Complexity on a Single Chip 

■ 16- Instruction Capability 
-Add, Subtract, Count 
-AND, OR, Exclusive-OR 
-Right, Left, or Cyclic Shifts 

■ Bidirectional Data Busses 

■ Instruction Decoding on Chip 

■ Fully Static Operation 

■ Single-Phase Clocking 

■ Easily Expandable to 8, 12, 16,. 

... Bit Operation 

■ Low Quiescent Device Dissipation . . 

.... 10 /xW (typ.) 

■ Conditional-Operation Controls on Chip 

■ Add Time (Data In-To Sum Out) 

=375 ns (typ) at 10V 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 juA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-temperature 
range) 

tpo (Dj - Cq) + 3 tp D (Cj - Cq) = 790 ns 

D13-16 

tpo (Dj - Cq) + 2 tpQ (Cj - Cq) + tpo (Cj - Sq) = 925 ns 

S13 16 

tpo < D I " Cq) + 2 t PD (Cj - C 0 > = 615 ns 
D902 

tpD < D I _ Cq) + «PD < C I - c O' + l PD ( C I ~ s O> = 750 ns 

S9-12 

tpo (C>I - Co) ♦ tpo (Cj - Cq) = 440 ns 

D5-8 

tpD < D I - c O> + lPD (Ci - Sq) = 575 ns 

S5 8 

tp D (Dj — Cq) = 265 ns 
D 1-4 

t PD (D I -S 0 ) = 375 ns 


Fig. 2 — Typical speed characteristics of a 16-bit ALU at V DD = 10 V. 
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STATIC ELECTRICAL CHARACTERISTICS 


rHARAPTCBIQTIP 

CONDITI 


Limits at Indicated Temperatures (°C) 

1 


CD4057AD, CD4057AH 


v 0 

(V) 

V|N 

(V) 

V DD 

(V) 


25°C 

125°C 



mi 

19 


SOI 

Max. 

Quiescent Device 

Current l[_ 

- 

- 

H 

3 

3 

Bl 

Ul 

Bl 

- 

150 

MA 

- 

- 

10 

SI 

B3I 

Bl 

B 

Bl 

- 

300 

- 

a 

m 

Bl 

Q|: 

- 

B 

mi 

- 

2000 

■ 

- 

5 

5 

0 Typ.; 0.05 Max. 

V 

i 

m 

m 

0 Typ.; 0.05 Max. 


m 

a 

m 

4.95 Min.; 5 Typ. 

V 

a 

a 

El 

9.95 Min.; 10 Typ. 

Noise Immunity 
(All Inputs) 

V NL' V NH 

0.8 

- 

5 

1.5 Min.; 2.25 Typ. 

V 

1 

- 

10 

3 Min.; 4.5 Typ. 

4.2 

- 

5 

1.5 Min.; 2.25 Typ. 

9 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 

Inputs Low, 

vnml 

4.5 

- 

5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High, 

V NMH 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive Current: 
l D N,l D P 

Zero Indicator 

n-channel 

0.5 

- 

5 

0.11 

- 

0.09 

0.16 

- 

0.06 

- 

mA 

0.5 

_ 

10 

0.12 


0.10 

0.16 


0.07 


p-channel 

3 

- 

5 

0.04 

- 

0.03 

0.06 

- 

0.02 

- 

7 

- 

10 

0.08 

- 

0.07 

0.13 

- 

0.05 

- 

Negative Indicator 

n-channel 

0.5 

- 

5 

0.11 

- 

0.09 

0.30 

- 

0.06 

- 

0.5 

- 

10 

0.12 

- 

0.10 

0.40 

- 

0.07 

- 

p-channel 

4.5 

- 

5 

0.07 

- 

0.06 

0.19 

- 

0.04 

- 

9.5 

- 

10 

0.12 

- 

0.10 

0.30 

- 

0.07 

- 

Overflow Indicator 

n-channel 

0.5 

- 

5 

0.25 

- 

0.20 

0.50 

- 

0.14 

- 

0.5 

- 

10 

0.37 

- 

0.30 

0.90 

- 

0.21 

- 

p-channel 

4.5 

- 

5 

0.08 

- 

0.07 

0.21 

- 

0.05 

- 

9.5 

- 

10 

0.12 

- 

0.10 

0.38 

~ 

0.07 

- 

All Other Outputs 

n-channel 

0.5 

- 

5 

0.11 

- 

0.09 

0.10 

- 

0.06 

- 

0.5 

- 

10 

0.06 

- 

0.05 

0.12 

- 

0.03 

- 

p-channel 

4.5 

- 

5 

0.02 

- 

0.02 

0.05 

~ 

0.01 

- 


9.5 

- 

10 

0.06 

- 

0.05 

0.08 


0.03 

- 


Input Leakage 

Current 

1 1 L» 'IH' 

Any Input 

± 10“ 5 Typ., ± 1 Max. 

fJA 



Fig. 3 — Maximum counting frequency vs. 

supply voltage for a typical CD4057A. 



Fig. 4 — Transition time vs. load capacitance 
for data outputs (D1-D4). 


CLOCK PULSE RISE AND FALL TIMES 



Fig. 5 — Clock pulse rise and fall times. 



•|,.lf "20m 



Fig. 6 — Data setup time. 


CLOCK* 



Fig. 7 — Data hold time. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C and C L = 15 pF, R L = 

t r ,tf = 20 ns 

Typical Temperature Coefficient at all values of Vqq = 0.3%/°C 


CHARACTERISTICS 


Propagation Delay Time: 
^LH'tPHL 
DATA IN-to- 
SUM OUT 

CARRY IN-to- 
SUM OUT 


DATA IN-to- 
CARRY OUT 


CARRY IN-to- 
CARRYOUT 


Zl Input 
-to- 

Zl Output 


Transition Time: 
tTLH^THL 
Zl Output 


Negative Indicator and 
Overflow Indicator 

All Other 
Outputs 

Minimum Clock Pulse 
Width, tyy 

Clock Rise and Fall Time, 
t r CL,t f CL 

Minimum Set Up Time : tgLH^SHL 
DATA 


Minimum Data Hold Time, tHLH^HHL 

Maximum Clock Frequency: fQ|_ 

Count Mode 


Input Capacitance, C| 


TEST 

COND ITIONS 

vpp 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

ANY INPUT 


LIMITS 

CD4057AP 

Min. Typ. Max. 
1430 3900 

375 720 

915 2550 

310 840 

950 2580 

265 720 

485 1320 

175 480 

1980 5400 

750 2040 

265 720 

110 300 

3700 10350 

1650 4500 

420 1140 

220 600 
300 825 

165 450 

1000 2775 

475 1275 

- 400 1200 

125 375 


1675 4590 

485 1320 


20 

10 

0.13 0.36 

0.46 1.35 

0.33 0.90 


LOGIC DESCRIPTION 
OPERATIONAL MODES 

The CD4057A arithmetic logic unit operates 
in one of four possible modes. These modes 
control the transfer of information, either 
serial data or arithmetic operation carries, to 
and from the serial-data lines. Fig. 8 shows 
the manner in which the four modes control 
the data on the serial-data lines. 


LEFT , V SS ^Q- | MODE 2 | -CL. v SS RIGHT 

DATA Q. , y -O . _ JO-3 1 ODATA 

LINE \ ? 1 LINE 


r q iVSS^HMODE^ho-*^ gs| o gl^HT |mODE 3^— p 

I | 92CS-20252RI 

iBYPASS 

Fig. 8 — Schematic of "Mode" concept. 

In MODE 0, data can enter or leave from 
either the left or the right 
serial-data line. 

In MODE 1, data can enter or leave only on 
the left serial-data line. 

In MODE 2, data can enter or leave only 
on the right serial-data line. 

In MODE 3, serial data can neither enter 
nor leave the register,regardless 
of the nature of the operation. 
Furthermore, the register is 
by-passed electrically, i.e., 
there is an electrical bidirec- 
tional path between the right 
and left serial data terminals. 

The two input lines labeled Cl and C2 in 
the terminal assignment diagram define one 
of four possible modes shown in Table I. 
Through the use of mode control, individual 
arithmetic arrays can be cascaded to form 
one large processor or many processors of 
various lengths. 

TABLE I - MODE DEFINITION 


C2 

Cl 

MODE 

0 

0 

0 

0 

1 

1 

1 

0 

2 

1 

1 

3 


Examples of how one " hard-wired " 
combination of three ALU's can form (a) a 
12-bit parallel processor, (b) one 8-bit and 
one 4-bit parallel processor, or (c) three 
4-bit parallel processors, merely by changes 
in the modes of each ALU are shown in 
Fig. 10. 
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Fig. 9 — Simplified logic diagram. 


Data-flow interruptions are shown by shaded 
areas. With these three ALU's and the four 
available modes, 61 more system combina- 
tions can be formed. If 4 ALU's are used, 
4^ combinations (256) are possible. Fig. 1 1 
shows a diagram of 4 CD4057A's inter- 
connected to form a 16-bit parallel processor. 



92CS-20254 


Fig. 10— "Mode" connections for parallel 
processor: 

(a) 12-bit unit, 

( b ) one 8-bit and one 4-bit unit 

(c) three 4-bit units. 

NOTE: The BYPASS terminal of the "most 
significant" CD4057A is connected to the 
bypass terminal of the "least significant" 
CD4057A. The bypass terminals on all other 
CD4057A's are left floating. This inter- 
connection is performed whenever more 
than one CD4057A are used to form a 
processor. 

fNSTRUCTION REPERTOIRE 

Four encoded lines are used to represent 
16 instructions. Encoded instructions are as 
follows: 


abed 1 

0 0 0 0 NO-OP (Operational Inhibit) 

0 0 0 1 AND 

0 0 10 Count down 

0 0 11 Count up 

0 10 0 Subtract Stored number 
from zero (SMZ) 

0 10 1 Subtract from parallel data 

lines (SM) (stored number from 
parallel data lines) 

0 110 Add (AD) 

0 111 Subtract (SUB) (Parallel data 

lines from stored number) 

1 0 0 0 Set to all ones (SET) 

10 0 1 Clear to all zeroes (CLEAR) 

10 10 Exclusive-OR 

1011 OR 

110 0 Input Data (From parallel 

data lines) 

110 1 Left shift 

1110 Right shift 

1111 Rotate (cycle) right 

All instructions are executed on the positive 
edge of the clock. 

PARALLEL COMMANDS 

a. CLEAR - sets register to zero. 

b. SET —sets register to all ones. 

c. OR —processes contents of register 
with value on parallel-data lines in 
a logical OR function. 

d. AND —processes contents of register 
with value on parallel-data lines in 

a logical AND function. 


e. Exclusive-OR — processes contents 
of register with data on parallel-data 
lines in a logical Exclusive-OR function. 

f. IN —loads data on parallel-data lines 
into register. 

g. DATA OUT CONTROL - unloads 
contents of register and overflow 
flip-flop onto parallel data lines and 
overflow I/O independent of all other 
controls. 

h. SUB: 

In Mode 0, adds to the contents of 
the register the one's com- 
plement of the data on the 
parallel-data lines. Carries 
can enter on the right 
serial data line and can 
leave on the left serial 
data line. The overflow 
indicator does not change 
state. 

In Mode 1 , adds to the contents of the 
register the two's comple- 
ment of the data on the 
parallel-data lines. Gener- 
ated carries can leave on 
the left serial line. The 
CARRY IN is set to zero. 
The overflow indicator 
does not change state. 

In Mode 2, same as Mode 0, except 
carries cannot leave on the 
right serial-data line.The 
absence or presence of an 
overflow is registered. 

In Mode 3, same as Mode 1, except 
carries cannot leave on the 
left serial-date line. The 
absence or presence of an 
overflow is registered. 

i. COUNT UP: 

In Mode 0, adds to the contents of the 
register the data on the 
right serial-data line and 
permits any resulting carry 
to leave on the left serial- 
data line. No data enters 
the parallel-data lines. 

In Mode 1, internally adds a one to 
the contents of the register 
and permits any resulting 
carry to leave on the left 
serial-data line. No data 
enters or leaves the right 
serial-data line. 

In Mode 2, adds to the contents of the 
register the data on the 
right serial-data line. No 
data enters or leaves the 
left serial-data line. 

In Mode 3, internally adds a one to 
the contents of the register 
No data enters or leaves 
the register on any serial- 
data or parallel-data line. 

In all modes, with the 
DATA OUT control high 
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« TERMINAL INTENTIONALLY LEFT FLOATING v OO V SS 

92CS- 20259 

Fig. 11 — Connection for 16 -bit arithmetic logic unit. 


the count is presented on 
the parallel data lines (D1- 
D4). 

j. COUNTDOWN: 

In Mode 0, subtracts a one (2's comple- 
ment form) from the con- 
tents of the register and 
adds to this result the data 
on the right serial-data line 
and permits any resulting 
carry to leave on the left 
serial-data line. No data 
enters on the parallel-data 
lines. 

In Mode 1, internally subtracts a one 
from the contents of the 
register and permits any 
resulting carry to leave on 
the left serial-data line. No 
data enters or leaves the 
right serial-data line. 

In Mode 2, subtracts a one from the 
contents of the register and 
adds to this result the data 
on the right serial-data line. 
No data enters or leaves on 
the left serial-data line. 

In Mode 3, internally subtracts a one 
from the contents of the 
register. No data enters or 
leaves on the serial-data 
lines. 

In all modes, with the DATA OUT control 
high the count is presented on the parallel 

data lines (D1-D4). 

k. ADD(AD): 

In Mode 0, adds the contents of the 
register to the data on the 
parallel-data lines and the 
right serial-data line. Any 
resulting carry can leave on 
the left serial-data line. The 
overflow indicator does not 
change state. 

In Model, adds the contents of the 
register to the data on the 
parallel-data lines and allows 
any resulting carry to leave 
on the left serial-data line. 
The right serial-data line is 


open-circuited. The over- 
flow indicator does not 
change state. The CARRY- 
IN is set to zero. 

In Mode 2, adds the contents of the 
register to the data on the 
parallel data lines and the 
right serial-data line. Any 
overflow sets the overflow 
indicator. The left serial- 
data line is open-circuited. 
The absence or presence of 
an overflow is registered. 

In Mode 3, adds contents of the register 
to the data on the parallel- 
data lines. Any resulting 
carry sets the overflow indi- 
cator. The two serial-data 
lines are open circuited. The 
absence or presence of an 
overflow is registered. The 
CARRY- IN is set to zero. 

l. SM — same operation as AD except the 
contents of the register are two's comple- 
mented during addition in Mode 1 and 
Mode 3. In Mode 0 or Mode 2, the con- 
tents of the register are one's comple- 
mented and added to the data on the 
right serial-data line and the parallel- 
data lines. Overflows occurring in Mode 
1 or Mode 0 do not alter the overflow 
indicator. The presence or absence of 
overflows is registered on the overflow 
indicator in Mode 2 or Mode 3. 

m. SMZ: 

In Mode 0, one's complements the 
contents of the register 
and adds the data on the 
right serial-data line to the 
contents of the register. 
Any resulting carry can 
leave on the left serial- 
data line. The overflow 
indicator does not change 
state. 

In Mode 1, two's complements the 
contents of the register 
and permits any carry to 
leave on the left serial- 
data line. No data can 
enter the right serial-data 


line. The overflow indi- 
cator does not change 
state. The CARRY-IN is 
set to zero. 

In Mode 2, one's complements the 
contents of the register 
and adds the data on the 
right serial-data line to the 
contents of the register. 
Carries cannot leave the 
left serial data line. The 
absence or presence of an 
overflow alters the 
overflow indicator. 

In Mode 3, two's complements the 
contents of the register. 
Serial data can neither 
enter the right serial- 
data line nor leave the 
left serial-data line. The 
overflow indicator is at 
zero. The CARRY-IN is 
set to zero. 

n. NO-OP — no operation takes place, 
The clock input is inhib- 
ited and the state of all 
registers and indicators 
remains unchanged. 
SERIAL-SHIFT OPERATIONS 

a. ROTATE (cycle) RIGHT - This opera- 
tion is internal. The contents of the 
register shift to the right, cyclic fashion 
with the leftmost stage accepting data 
from the rightmost stage regardless of 
the mode. Data can leave the register 
serially on the right data line only while 
the register is in Mode 1 or Mode 0. 
Data can enter the left data line serially 
while the register is in Mode 1 or Mode 
0. The Rol terminal of the "Most 
Significant" CD4057A must be connect- 
ed to the Ro2 terminal of the "Least 
Significant" CD4057A. All other Rol 
and Ro2 terminals must be left floating. 
When only one CD4057A is used, Rol 
must be connected to Ro2. 

b. RIGHT SHIFT - The contents of the 
register shift to the right and serial opera- 
tions are as follows: 

In Mode 0, data can enter serially on 

the left data line, shift 

through the register, and 
leave on the right data 
line. 

In Mode 1, data can enter serially on 

the left data line. The 

right data line effectively 

is open - circuited. 

In Mode 2, data can leave serially on 
the right data line. The left 
data line effectively is open- 
circuited. Vacant spaces are 
filled with zeros. 

In Mode 3, serial data can neither en- 
ter nor leave the register; 
however,the contents shift 
to the right and vacated 
places are filled with zeros. 
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In all modes, with the DATA OUT 
control high the data is presented 
on the parallel data lines (D1-D4). 

c. LEFT SHIFT — The contents of the 
register shift to the left and serial 
operations are as follows; 

In Mode 0, data can enter the right 
data line, shift through the 
register, and leave on the 
left data line. 

In Mode 1, data can leave serially on 
the left data line. The right 
data line effectively is 
open-circuited. All vacant 
positions are filled with 
zeros. 

In Mode 2, data can enter serially on 
the right data line. The 
left data line effectively is 
open-circuited. 

In Mode 3, data can neither enter nor 
leave the register; however, 
the contents shift to the 
left, and vacated places 
are filled with zeros. 

In all modes, with the DATA OUT 
control high the data is presented on 
the parallel data lines (D1-D4). 

Because the “DATA OUT" control instruc- 
tion is independent of the other 16 instruc- 
tions, care must be taken not to activate 
this control when data are to be loaded into 
the processor. This instruction should only 
be activated when the processor is executing 
a NO-OP, any SHIFT, SMZ, COUNT UP or 
DOWN. CLEAR, or SET. 



Fig. 12 — Timing diagram. 

NEGATIVE-NUMBER DETECTION 


If a data line, serial or parallel, is used as an 
input and the logic state of that line is not 
defined (i.e., the line is an open circuit),then 
the result of any operation using that line is 
undefined. 


OPERATIONAL SEQUENCE FOR 

ARITHMETIC ADD CYCLE 

1. Apply IN Instruction and Word A on 
Parallel Data Lines (D1-D4). 

2. Apply CLOCK to load Word A into 
the register. 

3. Apply OP CODE Instruction and Word 
B on Data Lines. 

4. Apply CLOCK to load resulting 
function of A and B into the register. 

5. Apply "DATA OUT" control to 
present result to Parallel Data Lines. 


NOTE: Transitions of Step 2 and Step 3 
may occur almost simultaneously; i.e. 
separated by only one data-hold time. 


The NEG IND terminal of the CD4057A is 
connected to the output of the flip-flop 
that is in the most significant bit position. 
A "1" on the NEG IND terminal indicates 
a negative number is in the register. This 
detection is also independent of modes. 

ZERO DETECTION 

The condition of "all zeros" is indicated 
by a "1" on the Zero Indicator terminal 
of the "Most Significant" CD4057A. 

As shown in Fig. 11, terminal Zl of the 
CD4057A containing the least significant 
set of bits is connected to Vqq. Zero 
indication is independent of modes. 

COMPLEMENTING NUMBERS 

1. One's complement of number in ALU 
register. 

a) ALU must be in MODE 0 or MODE 2. 

b) Zero on Rt. Data Line. 

c) Execute an SMZ instruction. 

(Continued) 
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2. One's complement of number to be 
loaded into ALU register. 

a) If zero indicator output is low, 
execute a CLEAR instruction, and 
make Rt. Data Line = 0. 

b) ALU must be in MODE 0 or MODE 2. 

c) Execute an SUB instruction. 

3. Two's complement of number in ALU 
register. 

a) ALU must be in MODE 1 or MODE 3. 

b) Execute an SMZ instruction. 

4. Two's complement of number to be 
loaded into ALU register. 

a) If zero indicator output is low, 
execute a CLEAR instruction, 
and make Rt. Data Line = 0. 

b) ALU must be in MODE 1 or MODE 3. 

c) Execute an SUB instruction. 

The following algorithms are given as a 
general guideline to demonstrate some of 
the capabilities of the CD4057A. 


MULTIPLICATION OF 
TWO N-BIT NUMBERS 


00 . . .0/00 . . 0 0. . .0/A s * a-j. . .ajsj -j 



0...00/B s 'b 1 ...b N _ 1 

' T 

Multiplicand 

*A $ and B s are sign bits 


Multiplication Algorithm 

1. Clear ALU to Zero 

2. Store A s (+) B s in External Flip-Flop. 

3. If A s = 1, Complement Register 1. 

4. If B s = 1 , Complement Register 2. 

5. Load Register 2 into ALU. 

6. Do shift Left on ALU N Times 
(N = number of bits). 

7. Do N Times: 

( 1 ) 

a) If MSB of ALU = 1 
(Negative Indicator = High), 

Then shift ALU left 1 bit; 
add Register 1 to ALU. 

b) If MSB of ALU = 0 
(Negative Indicator = Low) 

Then shift ALU left 1 bit. 

8. If A s © B s = 1, then Complement 
ALU. 

9. Answer in ALU. 


Division Algorithm 


A s a 1 • • • a N— 1 a N • ■ a 2N— 1 



Divisor 


1. Store A s (?) B s in External Flip-Flop. 

2. If A s = 1 , complement ALU 1 and ALU 2. 

3. If B s = 1, complement Register A. 

4. Check for Divisor = 0 

a) If Divisor = 0; stop, indicates 
division by 0. 

b) If Divisor =5^0; continue. 

5. Apply SUB instruction to ALU 1 
and the contents of Register A to 
ALU 1 data lines. 

6. Put a zero on RT data line of ALU 
2 and shift ALU 1 & ALU 2 left 1 
bit. 

7. Do "N" times. 

(1 ) Apply a sub instruction to ALU 1 
and the contents of Register A to 
the ALU 1 data lines. 

a) If C 0 = 1 , then clock ALU 1 , and 
put a 1 on right data line of ALU 2. 

b) If C 0 = 0, then do not clock, and put 
a 0 on right data line of ALU 2. 

(2) Shift left 1 bit. 

8. If sign Flip Flop = 1, complement 
ALU 2. 

9. Answer in ALU 2. 


CONDITIONAL OPERATION 

Inhibition of the clock pulse can be accom- 
plished with a programmed NO-OP instruc- 
tion or through conditional input terminals 
A,B,and C.ln a system of many CD4057A's, 
each CD4057A can be made to automati- 
cally control its own operation or the 
operation of any other CD4057A in the 
system in conjunction with the Overflow, 
Zero, or Negative (Number) indicators. 
Table II, the conditional inputs, truth 
table, defines the interactions among A,B, 
and C. 


TABLE II - CONDITIONAL-INPUTS 
TRUTH TABLE 


A 

B 

c 

OPERATION 

PERMITTED 

0 

X 

X 

Yes 

1 

0 

0 

Yes 

1 

0 

1 

No 

1 

1 

0 

No 

1 

1 

1 

Yes 


X = don't care 


Two examples of how the conditional 
operation can be used are as follows: 

1) For the Multiplication Algorithm 
A = 1 , for step 7(1) 

A = 0, for step 7 (2) 

B = 1 

C = negative Indicator 

2) For the Division Algorithm 

A = 1, for step 7(1) 

A = 0, for step 7 (2) 

B = 1 

C = C Q (left data line) 

OVERFLOW DETECTION 

The CD4057A is capable of detecting and 
indicating the presence or absence of an 
arithmetic two's-complement overflow. A 
two's-complement overflow is defined as 
having occurred if the signs of the two initial 
words are the same and the sign of the result 
is different while performing a carry-gener- 
ating instruction. 

0.011 

For example: (+) 0.110 
1.001 

Overflows can be detected and indicated 
only during operation in Mode 2 or Mode 3 
and can occur for only four instructions 
(AD, SMZ, SM, and SUB). If an overflow is 
detected and stored in the overflow flip-flop, 
any one of the five instructions AD, SMZ, 
SM, SUB, or IN can change the overflow 
indicator. 

When any of the three subtraction instruc- 
tions is used, the sign bit of the data being 
subtracted is complemented and this value 
is used as one of the two initial signs to 
detect overflows. If an overflow has occur- 
red, the final sign of the sum or difference is 
one's complemented and stored in the most- 
significant-bit position of the register. 

The overflow flip-flop is updated at the same 
time the new result is stored in the 
CD4057A. Whenever data on the parallel- 
data lines are loaded into the CD4057A, 
whatever is on the Overflow 1/0 line is 
loaded into the overflow flip-flop. Also, 
whenever data are dumped on the parallel 
data lines from the CD4057A, the contents 
of the overflow flip-flop are dumped on the 
Overflow 1/0 line. Thus overflows may be 
stored elsewhere and then fed into the 
CD4057A at another time. 




CD4057A 
ALU 1 
(N Bits) 


CD4057A 
ALU 2 
(N Bits) 


563 










CD4057A Types 

OPERATIONAL SEQUENCE 
AND WAVEFORMS FOR 
PROPAG ATION-DE LAY MEASUREMENTS 
1. DAT A- 1 N -to-C A R R Y OUT and DATA 
IN-to-SUM OUT 

A. Apply Word A and IN instruction 

B. Apply Clock to load word A into 
register 

C. Apply AD instruction 

D. Apply Word B (data in) 

E. Apply Clock to load result 
(sum out) 

F. Apply DATA OUT CONTRO L 
to look at result 


A B C D E F 
11 ) 1 ! 1 


O data in 
© CARRY OUT 
® SUM OUT 
©— " © data 

© — ©DATA 



« SOHO LINE REPRESENTS INPUT 
FROM EXTERIOR SOURCE WHEN 
t)ATA OUT IS LOW. DASHED LINES 
REPRESENT OUTPUT WHEN ‘DATA 
OUT" IS HIGH 92CS-2IS7* 


2. CARRY IN-to-CARRY OUT and CARRY 
IN-to-SUM OUT 

A. Apply Word A and IN instruction 

B. Apply Clock to load word A into 
register 

C. Apply AD instruction 

D. Apply Word B 

E. Apply CARRY IN (carry in) 

F. Apply Clock to load result 
(sum out) 

G. Apply DATA OUT CONTROL 
to look at result 


A B C D E F G 

I i 1 I 1 it 



NOTE: 

TEST ANY ONE INPUT, 
WITH OTHER INPUTS AT 
- 274 00 VdoORVss 


Fig. 15 — Noise-immunity test circuit. 




Fig. 16— Quiescent-device-current 





MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V DD AN0V SS 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vnn OR Vec 


© CARRY IN 
© CARRY OUT 
© SUM OUT 

©— ► ©CARRY IN TO CARRY OUT 


* SOLID LINE REPRESENTS INPUT 
FROM EXTERIOR SOURCE WHEN 
"DATA OUT IS LOW. DASHED LINES 
REPRESENT OUTPUT WHEN "DATA 
OUT” IS HIGH 


Fig. 17 — Input-leakage-current 


Fig. 14(a) - 


DATA IN-to-CARRY OUT and Fig. 14(b) - CARRY IN-to-CARRY OUT and 

DA TA IN-to-SUM OUT. CARR Y IN-to-SUM OUT. 

TYPICAL APPLICATION 

The CD4057A has been designed for use as a connections and 
parallel processor in flexible, programmable, design goals. The 
easily expandable, special or general purpose is an example of i 

computers, where minimization of external 8 bits in parallel. 


connections and data busing are primary 
design goals. The block diagram of Fig. 18 
is an example of a computer that processes 
8 bits in parallel. 


CLOCK J PROGRAM 
\ COUNTER 


SERIAL 

CD4057A DATA CD4057A 
LINES 


ROM FOR 
ADDRESS LINES 
CONTROL LINES 


CLOCK CONTROL LINES 


Fig. 18 — Example of computer organization using CD4057A. 
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COS/MOS Programmable 
Divide-by-"N” Counter 

Standard "A"-Series Types (3-to- 15-Volt Rating) 


RCA-CD4059 standard "A "-Series types are 
divide-by-N down-counters that can be pro- 
grammed to divide an input frequency by 
any number "N" from 3 to 15,999. The out- 
put signal is a pulse one clock-cycle wide 
occurring at a rate equal to the input fre- 
quency divided by N. This single output has 
TTL drive capability. The down-counter is 
preset by means of 16 jam inputs. 

The three Mode-Select Inputs Ka, Kb, and 
Kc determine the modulus ("divide-by" 
number) of the first and last counting sec- 
tions in accordance with the truth table 
shown in Table I. Every time the first 
(fastest) counting section goes through one 
cycle, it reduces by 1 the number that has 
been preset (jammed) into the three decades 
of the intermediate counting section and into 
the last counting section, which consists of 
flip-flops that are not needed for operating 
the first counting section. For example, in 
the -f 2 mode, only one flip-flop is needed 
in the first counting section. Therefore 
the last counting section has three flip-flops 
that can be preset to a maximum count of 
seven with a place value of thousands. If 
-i- 10 is desired for the first section, Ka is 
set to 1, Kb to 1, and Kc to 0. Jam Inputs 
J1, J2, J3, and J4 are used to preset the 
first counting section and there is no last 
counting section. The intermediate counting 
section consists of three cascaded BCD de- 
cade (-i- 10) counters presettable by means 
of Jam Inputs J5 through J16. 


Counter Range of Table 1. Control inputs 
Kb and Kc can be used to initiate and lock 
the counter in the “master preset" state. 
In this condition the flip-flops in the counter 
are preset in accordance with the jam in- 
puts and the counter remains in that state 
as long as Kb and Kc both remain low. The 
counter begins to count down from the 
preset state when a counting mode other 
than the master preset mode is selected. 

The counter should always be put in the 
master preset mode before the -s-5 mode is 
selected. 

Whenever the master preset mode is used, 
control signals Kb=0 and Kc=0 must be 
applied for at least 3 full clock pulses. 

After the Master Preset Mode inputs have 
been changed to one of the -r modes, the 
next positive-going clock transition changes 
an internal flip-flop so that the countdown 
can begin at the second positive-going clock 
transition. Thus, after an MP (Master Preset) 
mode, there is always one extra count before 
the output goes high. Fig.1 illustrates a 
total count of 3 (-5- 8 mode). If the Master 
Preset mode is started two clock cycles or 
less before an output pulse, the output pulse 
will appear at the time due. If the Master 
Preset Mode is not used the counter jumps 
back to the “JAM" count when the output 
pulse appears. 


The Mode-Select Inputs permit frequency- 
synthesizer channel separations of 10, 12.5, 
20, 25, or 50 parts. These inputs set the 
maximum value of N at 9999 (when the 
first counting section divides by 5 or 10) or 
15,999 (when the first counting section 
divides by 8, 4, or 2). 

The three decades of the intermediate count- 
ing section can be preset to a binary 15 in- 
stead of a binary 9, while their place values 
are still 1, 10, and 100, multiplied by the 
number of the + N mode. For example, in 
the -r 8 mode, the number from which count- 
ing-down begins can be preset to: 

3rd decade: 1500 

2nd decade: 150 

1st decade: 15 

Last counting section 1000 

The total of these numbers (2665) times 
8 equals 21,320. The first counting section 
can be preset to 7. Therefore, 21,327 is the 
maximum possible count in the -r 8 mode. 
The highest count of the various modes is 
shown in the column entitled Extended 


cloc * 

Kc(Ko»K 

INTERNAL S' 

OF COUNTER 


_l U U UUUUUUUUUUUUU L 

. |TATE-^ T 3 | r 3 j 2 wl 3 I 2 l-J 3 I 2 I-3I 3 1 2 |>j_3 


OUTPUT 


Fig. 1 — Total count of 3. 

A "1“ on the Latch Enable input will cause 
the counter output to remain high once an 
output pulse occurs, and to remain in the 
high state until the latch input returns to 
“0". If the Latch Enable is "0", the output 
pulse will remain high for only 1 cycle of 
the clock-input signal. 

As illustrated in the sample applications, this 
device is particularly advantageous in com- 
munication digital frequency synthesis (VHF, 
UHF, FM, AM, etc.) where programmable 
divide-by-“N“ counters are an integral part 
of the synthesizer phase-locked-loop sub- 
system. The CD4059A can also be used to 
perform the synthesizer “Fixed Divide-by-R" 
counting function. It is also useful in general- 
purpose counters for instrumentation func- 
tions such as totalizers, production counters, 
and "time out" timers. 


CL — 

l • 

^ 24 

— V DD 

L — 

2 

23 

— OUT 

Jl -J 

3 

22 

— J 5 

J 2 — 

4 

21 

— J6 

J3 — 

5 

20 

— J 7 

J4 — 

6 

19 

— J8 

JI6 — 

7 

18 

— J 9 

JI5 — 

8 

17 

— JIO 

JI4 — 

9 

16 

— Jll 

Jl 3 — 

10 

15 

— J 12 

Kc — 

II 

14 

— Ka 

v S s — 

12 

13 

— Kb 


TOP 

VIEW 




92CS- 222I2RI 

| TERMINAL DIAGRAM | 


Operational and Performance Features: 

■ Synchronous Programmable t N Counter: 

N = 3 to 9999 or 15,999 

■ Presettable down-counter 

■ Fully static operation 

■ Mode-select control of initial decade 

counting function (-r 10,8,5,4,2) 

■ T^L drive capability 

■ Master preset initialization 
n Latchable -r N output 

■ Quiescent current specified to 15 volts 

■ Max. input leakage current of 1 juA at 15 

volts,full package-temperature range 

■ 1 volt noise margin, full package- 

temperature range 

■ 5-V and 10-V parametric ratings 

Applications 

■ Communications digital frequency 

synthesizers: VHF, UHF, FM, AM,etc. 
n Fixed or programmable frequency 
division 

■ "Time out" timer for consumer-appli- 

cation industrial controls 

■ Companion Application Note,l CAN-6374, 

"Application of the COS/MOS CD4059A 
Programmable Divide-by-N Counter in 
FM and Citizens Band Transceiver 
Digital Tuners" 


The CD4059A series types are available in a 
24-lead ceramic dual-in-line package, 24- 
lead dual-in-line plastic package, 24-lead 
ceramic flat package, and in chip form. 
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MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY- VOLTAGE RANGE, V DD (Voltages referenced to V ss terminal) . . -0.5 to +15 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = —40 to +60°C (Package Type E) 500 mW 

For T A = +60 to +85°C (Package Type E) Derate Linearly to 200 mW 

For T A = -55 to +100°C (Package Types D,H) 500 mW 

For T a = +100 to +125°C (Package Types D,H) Derate Linearly to 100 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T A = Full package-temperature range (All package types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ) : 

Package Types D,H -55 to +125°C 

Package Type E -40 to +85°C 

STORAGE-TEMPERATURE RANGE (T stg ) -65 to 150°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1 .59 ±0.79 mm) from case for 10 s max +265°C 


STATIC ELECTRICAL CHARACTERISTICS 



Conditions 

Limits 

Values at —55° C,+25°C,+ 1 25° C Apply to D, H Packages 
Values at -40° C,+25°C,+85°C Apply to E Packages 


Characteristic 

v 0 

V|N 

VDD 

Units 


(V) 

(V) 

(V) 

-55° 

-40° 

+85° 

+125° 

+25° 



Min. 

Typ. 

Max. 


Quiescent Device 



5 

10 

10 

700 

300 

_ 

0.02 

10 


Current, 



10 

20 

20 

200 

400 

- 

0.02 

20 

pA 

lj_ Max. 



15 

- 

- 


- 

- 

_ 

500 


Output Voltage: 
Low Level, 

■ 


H 

0.05 


0 

0.05 


Vol Max. 



■El 

0.05 

- 

wm\ 



High Level, 


EH 

5 

4.95 


mu 

B 


VqH Min. 


HQ 

■a 

9.95 

ESI 

m 

- 


Noise Immunity: 
Inputs Low, 



5 

1.5 

1.5 

2.25 



Vnl Min. 



10 

3 

3 

4.5 

- 


Inputs High, 



5 

1.5 

1 

2.25 

- 


Vnh Min. 



10 

3 

3 

4.5 

- 


Noise Margin: 
Inputs Low, 

4.5 


5 

1 


VNML Min- 

9 


10 

1 

\ i 

Inputs High, 

0.5 


5 

1 


VNMH Min. 

1 


10 

1 


Output Drive 
Current: 
N-Channel 
(Sink) 

IqN Min. 

0.4 


5 

2.5 

2.3 

1.6 


H 

1 

1 

■ 

0.5 


10 

5 

4.7 

3.3 


H 

H 

GK 

■ 

P-Channel 

2 - 5 


5 

-2 

-1.8 

-1.3 

Bill 

m 

El 

I 


(Source) 

4.6 


5 

-0.5 

-0.45 

-0.36 

HEM 

IE33 

lExa 

IBS 

■ 

IpP Min. 

9.5 


10 

-1.1 

-1 

-0.75 


IBS 

IBB 

IEH 

■I 

Input Leakage 
Current:* 
l| L , 1 IH Max. 



15 

±1 

±10-5 

±i 

ma 


* Any Input 


OPERATING CONDITIONS AT T A = 25°C 
(Unless otherwise specified) 


For maximum reliability, nominal operating condi- 
tions should be selected so that operation is always 
within the following ranges. 


Characteristic 

O 

D 

> 

Min. 

Max. 

Units 

Supply Voltage 





Range 

— 

3 

12 

V 

(over full temp, 
range) 





Clock Pulse 

5 

200 

- 

ns 

Width 

10 

100 

~ I 


Clock Input 

5 

_ 

1.5 

MHz 

Frequency 

10 

- 

3 

Clock Input Rise 

5 

- 

15 

JUS 

and Fall Time 

10 

- 

5 



92CS-26959 


Fig. 2 — Minimum output n-channel 
drain characteristics. 



92CS-26940 


Fig.3 — Typical output n-channel 
drain characteristics. 
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92CS-24 32I 


Fig. 4 — Minimum output p-channel 
drain characteristics. 
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DYNAMIC ELECTRICAL CHARACTERISTICS AT T A = 25°C, C L = 50 pF, lnputt r ,tf = 20 ns, 
R|_ = 200 W 


CHARACTERISTIC 

Propagation Delay Time; tpj_j i_, tp|_(-| 
Transition Time: 

tTHL 

*TLH 

Maximum Clock Input Frequency, fcL 

Average Input Capacitance, C| 

(any input) 


PROGRAM JAM INPUTS (BCD) 


J5| J6| J7| J8| J9j_JI0J_Jn[_JI2j JI3| JI4| JI5J JI6( 

PRESETTABLE LOGIC 


CONDI- 

TIONS 

Vnn 

LIMITS 

ALL PACKAGES 

(V) 

Min. Typ. 

Max. 

5 

1 80 

360 

10 

90 

180 

5 

35 

70 

10 

20 

40 

5 

100 

200 

10 

50 

100 

5 

1.5 3 

- 

10 

3 6 

- 

- 

5 

- 


DRAIN - TO - SOURCE VOLTAGE ( V D c 


MBIENT TEMPERATURE^ (T A ) ■ 25*C 1 |-| j |-| 

1 1'j 1 I [ { GATE-TO- SOURCE VOLTAGE Urli- 5 V 


I-H-f- 200-mW CONSTANT -V--------- 

- +H- - POWER L OCUS 


Fig. 6 — Typical output p-channel 
drain characteristics. 


MBIENT TEMPERATURE (T A )=25°C ) { ! ! ! . I ! U 




MODE I ^ 
SELECT \ U3)- 

inputs ^ 


FIRST 

COUNTING 

SECTION 

—10.8.5,4,2 


-INTERMEDIATE COUNTING SECTION - 


LAST 
COUNTING 
SECTION 
-H. 2 ,2,4.8 


10 20 30 40 50 60 70 80 90 100 

LOAD CAPACITANCE (C L )-p F 

92CS- 26941 

Fig. 7 — Typical low- to -high propagation delay 
time vs. load capacitance. 


AMBIENT TEMPERATURE (T A )*25°C Wijt'mh 

I H [- h r- 77T F" r ~RT ::= "4r 




--H SUPPLY VOLTAGE (Vp p^SVL-f- 


10 20 30 40 50 60 70 80 90 100 

LOAD CAPACITANCE (C L ) — pF 


ALL INPUTS (TERMS. 1-11, 13-22) PROTECTED 
BY COS/MOS PROTECTION NETWORK 


Fig. 5 — Functional block diagram. 


Fig.8 — Typical high-to-low propagation delay 
time vs. toad capacitance. 


AMBIENT TEMPERATURE (T A )*25°C P 









1 

m 

::i? * 

.1 

siii 


■111! 111! 


saiiSi! 


0 20'' 40 60 SO 100 

LOAD CAPACITANCE (C L )-pF 

92CS-24322RI 

Fig. 9 — Typical low-to-high transition time 
vs. load capacitance. 
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AMBIENT TEMPERATURE (T fl ) = 25°C • 


i 40 ; jj; ^ ‘ j^T 




10 20 30 40 50 60 70 80 90 100 

LOAD CAPACITANCE (C u )-pF 

92CS- 26943 

Fig. 10 - Typical high-to-low transition time 
vs. load capacitance. 


TaMBIENT TEMPERATURE (Ta )« 25 J C P^H|++f |+ |+j = p 
LOAD CAPACITANCE (C L )«50pF [Iftft+ fflfH M 


BaiHBatsS: 


I ifffiSllil 


MODE 

SELECT 

INPUT 


FIRST COUNTING 
SECTION 


Ka Kb Kc Di- to a 
vides max 
by: of: 

i i ~ 2~ r 

0 114 3 

101 5# 4 

0 0 18 7 

1 1 0 10 9 

X 0 0 MASTER PRESET 

X = Don't Care 
A J1 = Least significant bit. 

J4 = Most significant bit. 


LAST COUNTING 
SECTION 


J1 

J1 ,J2 
J1.J2.J3 
J1.J2.J3 
J1 J2.J3J4 


8 7 J2.J3.J4 

4 , 3 J3.J4 

2 1 J4 

2 1 J4 

1 0 

MASTER PRESET 


COUNTER 

RANGE 

DESIGN 

EXTENDED 

Max. 

Max. 

15,999 

15,999 

9,999 

15,999 

9,999 

17,331 

18,663 

13,329 

21,327 

16,659 


^Operation in the -+5 mode (1 st counting section) requires 
going through the Master Preset mode prior to going into 
the -+5 mode. At power turn-on, kc must be a logic "O" 
for a period of 3 input clock pulses after Vqq reaches 
a minimum of 3 volts. See Fig. 21 for a suggested external 
preset circuit. 


HOW TO PRESET THE CD4059A TO DESIRED -+ N 


SUPPLY VOLTAGE (V 00 ) — V 


Fig. 11 — Typical max. dock frequency 
vs. supply voltage. 


g AMBIENT TEMPERATURE (T ft )»25«cT 



Cl* 50 p F_ 
CflSpFZ 
N-3 


INPUT FREQUENCY {!) — kHz 


Fig. 12 — Typical power dissipation vs. 
input frequency. 


|| AMBIENT TEMPERATURE (T A )«25*C 
4 LOAD CAPACITANCE (C L )*50pF 


The value N is determined as follows: 

N = [MODE*] [1000 x Decade 5 Preset + 100X Decade 4 
Preset + 10X Decade 3 Preset + IX Decade 2 Preset ] + Decade 1 Preset 
* MODE= First counting section divider (10, 8, 5, 4 or 2) 

To calculate preset values for any N count, divide the N count by the Mode. 

The resultant is the corresponding preset values of the 5th through 2nd 
decade with the remainder being equal to the 1st decade value. 


Examples: 

A) N = 8479, Mode = 5 


^5 I 8479 
Mode N 


Preset Value = 


■ Preset Values 


MODE SELECT = 5 


J1 J2 J3 J4 


PROGRAM JAM INPUTS (BCD) 
5 9 

J5 J6 J7 J8 J9 J10 J11 J12 
10 10 10 0 1 


J13 J14 J15 J16 
0 110 


N*3 I 

N* 10,000 j 


10 10^ I0 3 10^ 

CLOCK INPUT FREQUENCY (f CL ) — KHz 


To verify the results use equation 1 : 

N = 5 (1000X 1 + 100 X 6 + 10 X 9+ 1 X 5) + 4 
N = 8479 

B) N = 12382, Mode = 8 
1547 + 6 
8 f 1 2382 


MODE SELECT = 8 

Ka Kb Kc 
0 0 1 


Fig. 13 — Typical power dissipation 
vs. clock input frequency. 
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6 1 

J1 J2 J3 J4 
0 111 


PROGRAM JAM INPUTS 

7 4 

J5 J6 J7 J8 J9 J10 J11 J 1 2 

1 1 1 0 0 0 1 0 


5 

J13 J14 J 1 5 J16 
10 10 


To verify: 

N = 8 (1000 X 1 + 100 X 5 + 10 X 4 + 1 X 7) + 6 
N = 1 2382 


C) N = 8479, Mode = 10 
0847 + 9 
10 1 8479 


MODE SELECT = 10 


Ka Kb Kc 
1 1 0 


PROGRAM JAM INPUTS 

9 7 4 8 

J1 J2 J3 J4 J5 J6 J7 J8 J9 J10 J11 J12 J13 J14 J15 J16 

1001 1110 0010 0001 

To Verify: 

N = 1 0 ( 1 000 XO+1 00X8+10X4+1 X 7) + 9 
N = 8479 


DIGITAL PHASE-LOCKED LOOP (PLL) FOR FM BAND SYNTHESIZER 



1) Calculating Min 8t Max "N" Values : 

Output Freq. Range it 0 ) = 98.8 to 1 18.6 MHz 

Channel Spacing Freq. (f c ) = 200 kHz ^ 

Division Factor (k) = 40 Reference Freq. (fr) = — = — kHz= 5 kHz 

k 40 


118.6 MHz 


fk= 40 “ : f k^ax.= = 2.965 MHz; f|<Min = * 


98.8 MHz 


40 


= 2.47 MHz 


:. N = - 
fc. 


118.6 MHz 

NMax = ~ 593 

IVIaX 200 kHz 


98.8 MHz 

Niv/|in = = 494 

Mm 200 kHz 


2.56 MHz 

R = = 512 

5 kHz 


"CASCADING" VIA OTHER COUNTERS 

Fig. 14 shows a BCD-switch compatible ar- 
rangement suitable for -r 8 and 4- 5 modes, 
which can be adapted, with slight changes, 
to the other divide-by-modes. In order to be 
able to preset to any number from three to 
about 256,000, while preserving the BCD- 
switch compatible character of the jam in- 
puts, a rather complex cascading scheme is 
required. Such a cascading scheme is neces- 
sary because the CD4059A can never be pre- 
set to a count less than 3 and logic is needed 
to detect the condition that one of the num- 
bers to be preset in the CD4059A is rather 
small. In order to simplify the detection 
logic, only that condition is detected where 
the jam inputs to terminals 6, 7, and 9 would 
be low during one count. If such a condition 
is detected, and if at least 1 is expected to be 
jammed into the MSB counter, the detection 
logic removes one from the number to be 
jammed into the MSB counter (with a place 
value of 2000 times the divide-by-mode) and 
jams the same 2000 into the CD4059A by 
forcing terminals 6, 7, and 9 high. 

The clock of the CD4013A may be driven 
directly from the output of the CD4059A, 
as shown by dashed option (1), or by the 
inverted output of the CD4059A, option (2). 
If option (2) is used the CD4029A cannot 
count cycles shorter than 3. If option (1) is 
used propagation delay problems may occur 
at high counting speeds. 

The general circuit in Fig. 14 can be simpli- 
fied considerably if the range of the cas- 
caded counters does not have to start at a 
very low value. Fig. 1 5 shows an arrange- 
ment in the t 4 mode, where the counting 
range extends in a BCD-switch compatible 
manner from 88,003 to 103,999. The ar- 
rangement shown in Fig. 1 5 is easy to follow; 
once during each cycle, the less significant 
digits are jammed in (14,712 in this case) 
and then 11,000 (4 x 2750) is jammed in 
eight times in succession, by forcing jam in- 
puts high or low, as required. 

Numbers larger than the extended counter 
range can also be produced by cascading 
the CD4059A with some other counting 
device. Fig. 16 shows such an arrangement 
where only one fixed divide-by number is 
desired which is close to three times the ex- 
tended counter range as shown in the last 
column of Table I. . The dual flip-flop wired 
to produce a ^ 3 count, can be replaced by 
other counters such as the CD4029, CD4510, 
CD451 6, CD4017, or the CD4022. In Fig.l 6 
the 4 - N subsystem is preset once to a number 
smaller than the desired divide-by number. 
This smaller number represents the less sig- 
nificant digits of the divide-by number. The 
subsystem is then preset one or more times 
to a round number (e.g. 1000, 2000) and 
multiplied by the number of the divide-by 
mode ( 4 - 2 in the example of Fig.16). It is 
important that the second counting device 
has an output that is high or low, as the 
case may be, during only one of its counting 
states. 
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EACH NOR GATE I S 1/2 C D4002A 92Ct - 2694«Rt 

EACH INVERTER IS 1/6 CO4O690 

Fig. 14 — BCD switch-compatible +N system of the most general kind. 
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CD4059A Types 



Fig. 15 — Dividing by any number from 88,003 to 103,999. 



Fig. 16 — Division by 47,690 in t 2 mode. 


V DD 



Fig. 17 — Quiescent device 
current test circuit. 



Fig. 18 — Noise immunity 
test circuit. 



Vss ALL unused inputs to either 
v D d or Vgs- 


Fig. 19 — Power dissipation 92cs- 26952 

test circuit 

I all -r modes). Fig.20 - Input leakage current test circuit. 
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CD4059A Types 



* DEPENDS UPON V DD 
VOLTAGE 


PIN II (K c ) 


For changing from any mode other than mode 5 
(with power on), apply positive pulse to C in . This 
circuit automatically selects master preset mode 
(K b = 0, K c = 0) before going into the select con- 
ditions for mode 5 (K a = 1, K b = 0, K = 1). The 
selection of Ci and C 2 is critical. Ci is determined 
by the VDD voltage— the lower VDD’s need larger 
Ci’s. C 2 must be 0.1 pF or larger. 


Fig.21 - CD4059A mode 5 power on master preset circuit. 



The photographs and dimensions represent 
a chip when it is part of the wafer. When the 
wafer is cut into chips, the cleavage angles 
are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated 
chip is actually 7 mils (0.17 mm) larger 
in both dimensions. 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10~3 inch). 


Dimensions and pad layout for CD4059AH. 
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CD4060A Types 


COS/MOS 14-Stage Ripple-Carry 
Binary Counter/Divider and Oscillator 


The RCA-CD4060A consists of an oscillator 
section and 14 ripple-carry binary counter 
stages. The oscillator configuration allows 
design of either RC or crystal oscillator 
circuits. A RESET input is provided which 
resets the counter to the all-O's state and 
disables the oscillator. A high level on the 
RESET line accomplishes the reset function. 
All counter stages are master-slave flip-flops. 
The state of the counter is advanced one 
step in binary order on the negative transi- 
tion of 0|(0q).AII inputs and outputs are 
fully buffered. 

These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (Esuffix), 16-lead ceramic flat package^ 
(K suffix), and in chip form (H suffix). 


Features: 

■ 4-MHz operating frequency (typ.) at Vpp — Vs§ * 10 V 

■ Common reset 

■ Fully static operation 

■ 10 buffered outputs available 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 /xA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-temper- 
ature range) 

Oscillator Features: 

■ All active components on chip 

■ RC or crystal oscillator configuration 

Applications: 

■ Timers 

■ Frequency dividers 



MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) -65 to +150 °C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F. H -55 to +125°C 

PACKAGE TYPE E -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgs Terminal): —0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P D ) 

FOR T a = -40 to +60 °C (PACKAGE TYPE E ) 500 mW 

FOR T a = +60 to +85°C (PACKAGE TYPE 1 E ) Derate Linearly at 12 mW/°C to 200 mW 

FOR T a = -55 to +100°C (PACKAGE TYPES D, F ) 500 mW 

FOR T A = +100 to +125°C (PACKAGE TYPES D, F ) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1/32 inch (1 .59 ±0.79 mm) from case for 10 s max +265°C 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


Fig. 1 — Typical n-channel drain characteristics. 






LIMITS 


CHARACTERISTIC 

VDD 

D,F,H 

E 


UNITS 

(V) 

Packages 

Package 



Min. 

Max. 

Min. 

Max. 


Supply-Voltage Range (For T A = Full 


3 

12 

3 

12 

V 

Package-Temperature Range) 




Input-Pulse Width, tw 

5 

400 

_ 

500 

_ 


f= 100 kHz 

10 

110 

- 

125 

- 


Input-Pulse Rise & Fall 

5 

_ 

15 

_ 

15 

jus 

Time, t r 0 , t f 0 

10 

- 

7.5 

- 

7.5 

Input-Pulse Frequency, f 0 

5 

_ 

1 

_ 

0.9 

MHz 

10 

— 

3 

— 

2.75 


Reset Pulse Width, tyy 

5 

1000 

- 

1250 

- 

ns 

10 

500 

— 

600 

- 


Fig. 2 - Minimum n-channel drain characteristics. 

DRAIN -TO -SOURCE VOLTAGE <V D s>— V 



Fig. 3 — Typical p-channel drain characteristics. 
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CD4060A Types 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) | 

Units 

D,F,H Packages 

E Package 

v 0 

(V) 

V|N 

(V) 

VDD 

(V) 

-55 

+25 

+125 

-40 

+25 

+85 

Typ. 

Limit 

Typ. 

Limit 

Quiescent Device 
Current l|_ Max. 

- 

- 

5 

15 

0.5 

15 

900 

50 

1 

50 

700 

MA 

- 

- 

10 

25 

1 

25 

1500 

100 

2 

100 

1400 

- 

- 

15 

50 

2.5 

50 

2000 

500 

5 

500 

5000 

Output Voltage: 
Low Level, 

VOL 

- 

5 

5 

0 Typ.; 0.05 Max. 

V 

- 

10 

10 

0 Typ.; 0.05 Max. 

High Level 

vqh 

- 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

10 

9.95 Min.; 10 Typ. 


4.2 

- 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

10 

3 Min.; 4.5 Typ. 

Mm 

QJ 

- 

5 

1.5 Min.; 2.25 Typ. 

EES 

- 

10 

3 Min.; 4.5 Typ. 


m 

- 

5 

1 Min. 


D 

- 

10 

1 Min. 

Inputs High, 

vnmh 


_ 

5 


1 

- 

10 

1 Min. 

Output Drive 
Current:* 
n-Channel 
(Sink), 

IqN Min. 

0.5 

- 

5 

0.22 

0.36 

0.18 

0.125 

0.21 

0.36 


0.15 


0.5 

- 

10 

0.44 


0.36 

0.25 


liH 




m 

- 

5 






iBS 


m 


- 












M 

±10~ 5 Typ., ±1 Max. 

pA 


* Data not applicable to Terminal 9 or 10 


DRAIN- TO -SOURCE VOLTAGE CV DS ) — V 

-15 -10 -5 0 



AMBIENT TEMPERATURE (T A > »25*C 

TYPICAL TEMP COEFFICIENT AT ALL VALUES OF V Q s*-0.3%/*C 


92CS-2I5I3 

Fig. 4,— Minimum p-channel drain characteristics. 



92CS— 24690 


Fig. 5 — Typical propagation delay time vs. load 
capacitance ((j> f to Q4 output ). 



Fig. 6 - Typical propagation delay time vs. load 
capacitance (Q p to Q n+1>- 



Fig. 7 j— Logic diagram of CD4060A oscillator, pulse shaper, and 1 of 14 counter stages. 



Fig. 8 - Typical output transition time vs. load 


capacitance. 
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CD4060A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r , t f = 20 ns, 

C L = 15 pF, R L = 200 kft 





LIMITS 


CHARACTERISTIC 

TEST 

CONDITIONS 

D,F,H 

Packages 

E 

Package 

UNITS 



Q> 
> w 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Input-Pulse Operation 

Propagation Delay 

Time, (f > | to Q4 Out; 
tPHL^PLH 


5 

- 

900 

1800 

- 

900 

1900 

ns 


10 

- 

450 

900 

- 

450 

950 

Propagation Delay 

Time, Q n to Q n +i; 
tPHL^PLH 


5 

- 

450 

900 

- 

450 

950 



10 

- 

225 

450 

- 

225 

475 


Transition Time, 


5 

- 

150 

300 

- 

150 

350 

ns 

l THL' *TLH 


10 

- 

75 

150 

- 

75 

175 

Min. Input-Pulse 

f=100 kHz 

5 

- 

200 

400 

- 

200 

500 

ns 

Width t yy 

10 

- 

75 

110 

- 

75 

125 

Input-Pulse Rise & Fall 
Time, t r 0, t f 0 


5 

- 

- 

Q 

- 

- 

o 

Ms 


10 

- 

- 

7.5 

- 

- 

7.5 

Max. Input-Pulse 


5 

1 

1.75 

- 

0.9 

1.75 

- 

MHz 

Frequency, 


10 

3 

4 

- 

2.75 

4 

- 

Input Capacitance, C| 

Any Input 

- 

5 

- 

- 

5 

- 

PF 

Reset Operation 

Propagation Delay 


5 

- 

500 

1000 

- 

500 

1250 

ns 

Time, tp[_j|_ 


10 

- 

250 

500 

- 

250 

600 

Minimum Reset 


5 

- 

500 

1000 

- 

500 

1250 

ns 

Pulse Width, tyy 


10 

- 

250 

500 

- 

250 

600 


V DO 



Fig. 12 — Noise-immunity test circuit. 


V DD 

XD- 

Vss 



Fig. 13— Input-leakage-current test circuit. 



92CS-24M6 


Fig. 9— Typical maximum-input-pulse frequency 
vs. supply voltage. 



Fig. 10 - Typical dynamic power dissipation 
characteristics. 


TEST PERFORMED 
WITH UNIT IN ALL 
"O's" STATE AND 
ALL *Ts" STATE 
AND INPUTS AT 10 V 
AND GROUND 



Fig. 11 — Quiescent-device current test circuit. 
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CD4062A Types 

COS/MOS 200-Stage Dynamic Shift Register 


MAXIMUM RATINGS, Absolute-Maximum Values: 


OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES ! T, R -55 to +1 25° C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgg Terminal): -0.5 to +1 5 V 

POWER DISSIPATION PER PACKAGE (P D ) 

FOR T a = -55 to +1 00° C (PACKAGE TYPES T) 500 mW 

FOR T A = +100 to +125° C (PACKAGE TYPES j) • • Derate Linearly at 12mW/° C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch (1 .59 ± 0.79 mm) from case for 1 0 s max +265° C 


"all inputs are protected 

BY COS/MOS 

protection network 


* TERMINAL NUMBERS IN 
PARENTHESES REFER TO 
12-LEAD TO *5 STYLE 
PACKAGE 


* TRANSMISSION GATE 
INPUT TO OUTPUT IS 

(o) A BIDIRECTIONAL LOW IMPEDANCEWHEN CONTROL INPUT 
iS “LOW" AND CONTROL INPUT 2 IS "HIGH" 


CL (o)= INTERNAL CLOCK IN PHASE WITH CL | 
CL (b) s INTERNAL CLOCK IN PHASE WITH CL 2 


Fig. 1 - CD4062A logic block diagram. 



*ALL INPUTS ARE PROTECTED 
BY COS/MOS 
PROTECTION NETWORK 


“TERMINAL NUMBERS IN 
PARENTHESES REFER TO 
12-LEAD TO -5 STYLE 
PACKAGE 


Fig. 2 - Clock circuit logic diagram. 


CD4062A 

FUNCTIONAL DIAGRAM 


The RCA-CD4062A is a 200-stage dynamic 
shift register with provision for either single- 
or two-phase clock input signals. Single- 
phase-clocked operation is intended for low- 
power, low clock-line capacitance require- 
ments. Single-phase clocking is specified for 
medium-speed operation (< 1 MHz) at sup- 
ply voltages up to 10 volts. Clock input ca- 
pacitance is extremely low (< 5 pF), and 
clock rise and fall times are non-critical. The 
clock-mode signal (CM) must be low for 
single-phase operation. 

Two-phase clock-input signals may be used 
for high-speed operation (up to 5 MHz) or to 
further reduce clock rise and fall time re- 
quirements at low speeds. Two-phase opera- 
tion is specified for supply voltages up to 15 
volts. Clock input capacitance is only 50 pF / 
phase. The clock-mode signal (CM) must be 
high for two-phase operation. The single- 
phase-clock input has an internal pull-down 
device which is activated when CM is high 
and may be left unconnected in two-phase 
operation. 

The logic level present at the data input is 
transferred into the first stage and shifted 
one stage at each positive-going clock transi- 
tion for single-phase operation, and at the 
positive-going transition of CL-j for two-phase 
operation. 

The CD4062A-Series types are supplied in 
12-lead hermetic TO-5 packages (T suffix), 
16-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 

Features: 

■ Minimum shift rates over full tempera- 
ture range— 

Single-phase clock: 3 V < Vpp < 1 0 V; 
f min = 10 kHz; -55° C < T A < +125° C 
(f min = 1 kHz up to T A < 75° C) 

Two-phase clock: 3 V < Vqd ^ ^ 
f mjn = 10 kHz; -55° C < T A < +125° C 
(fmin = 1 kHz up to T A « 75° C) 
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CD4062A Types 


RECOMMENDED OPERATING CONDITIONS at T A = 25* C, Except as Noted. 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

V DD 

(V) 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (For T A = Full 





Package-Temperature Range): 





Single-Phase Clock 


3 

10 


Two-Phase Clock 


3 

12 

V 

Clock Input Frequency, 

5 

0.15 

500 


f CL 

10 

0.15 

1000 

kHz 

Clock Pulse Width, tyy* 

5 

250 

66.7 X 10 6 



10 

500 

66.7 X 10 6 

ns 

Clock Rise or Fall Times, 

5 

- 

10 


t r CL ortfCL* 

10 

- 

1 

jus 

Data Hold Time, t|_|* 

5 

10 

150 

50 

- 

ns 


* For single-phase clock, 50% duty cycle 

Two-Phase Clock Operation (CLi , CL2); Clock Mode (CM) = High; 3 V < Vq D < 15 V. See Figure 4. 


CHARACTERISTIC 


Maximum Clock Input Frequency, fCL 


Minimum Clock Input Frequency, fCL 



Average Input Capacitance, C ( 

CL^ cl 2 


Propagation Delays; tpj_j |_, tp j_j_j 
CLt to Q 


Cl_i to CL -j p 
CL 2 to CL 2 q 


Minimum Data Setup Time - 

A 


ts cl 2 




Minimum Data Hold Time- 

t Hr 



Clock Rise and Fall Times t r CL-| , Cl_2 

tfCL 1f CL 2 


TEST CONDITIONS 


V DD 

V 


10 


10 


10 


10 


10 


10 


LIMITS 


MIN. 


1.25 


2.5 


150 


150 


40 


TYP. 


10 


250 


100 


250 


100 


MAX. 


500 


200 


500 


200 


300 


100 


UNITS 


PF 


No Restrictions If 
Clock Overlap Require- 
ment Is Met 


Features (Cont'd): 


Low power dissipation 
0.3 mW/bit at 1 MHz and 10 V 
0.04 mW/bit at 0.5 MHz and 5V 
(alternating 1*0 data pattern) 

Data output TTL-DTL compatible 
Recirculating capability 
Delayed two-phase clock outputs availa- 
ble for cascading registers 
Asynchronous ripple-type presettable to 
all I's or 0's 

Ultra-low-power-dissipation standby oper- 
ation 

Quiescent current specified to 15 V 
Maximum input leakage current of 1 juA 
at 15 V (full package-temperature range) 
1-V noise margin (full package-tempera- 
ture range) 


Applications: 

■ Serial shift registers 

■ Time-delay circuits 

■ CRT refresh memory 

■ Long serial memory 


VDD I f 

CLOC 0 K -/ \e 

V DP 

\50% 


1 i, i r i 'i r 




LJ 


> 


DELAYED 200 CLOCK PULSES 


X s DATA SET-UP TIME 
HIGH TO LOW 
Y*DATA HOLD TIME 
Z = DATA SET-UP TIME 
LOW TO HIGH 




90% 

. 10 % 




V 


\50* 

b 


92CS - 22 702 R I 


Fig. 3 — Timing diagram— single-phase dock. 



Fig. 4 — Timing diagram-two-phase dock. 
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CD4062A Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTERISTICS 

CONDITIONS 

LIMITS AT INDICATED 

TEMPERATURES (°C) 

UNITS 

v o 

(V) 

V IN 

(V) 

V DD 

(V) 

-55 

+25 

+125 

TYP. 

LIMIT 

Quiescent Device 
Current, l|_ Max. 

CM=High, CLi=High, 
CL2 =Low 

- 

- 

5 

12 

0.5 

12 

720 

fiA 

- 

- 

10 

25 

1 

25 

1500 

- 

“ 

15 

50 

1 

50 

2000 

Output Voltage: 

Low Level, 

V OL 

- 

5 

5 

0 Typ.; 0.05 Max 

V 

- 

10 

10 

0 Typ.; 0.05 Max 

High Level 

V OH 

- 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 

V NL 

4.2 

- 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

10 

3 Min.; 4.5 Typ. 


IQ 

- 

D 

1.5 Min.; 2.25 Typ. 

1 

- 

o 

3 Min.; 4.5 Typ. 

Noise Margin: 

Inputs Low, 

V NML 


- 

5 

1 Min. 


9 

- 

El 

1 Min. 

Inputs High, 

V NMH 


- 

5 

1 Min. 

1 

- 

El 

1 Min. 

Output Drive 

Current: 

N-Channel 

(Sink), 

1 


i 



1 

1 


l D N Min. 

Q 

Output 


- 


1.6 

2.6 

HQ 

0.91 

HI 

- 

El 

5 

8* 

4 

HQ 

cl 1d , 

cl 2D 

mu 

- 

5 

0.87 

1.4 




- 

□ 

2.2 

3.6 

na 

1.26 

P-Channel 

(Source): 


■ 

5 

-0.31 

-0.5 

-0.25 

-0.17 


IqP Min. 

Q 

Output 

BHf 

- 

5 

-0.93 

-1.5 




- 

El 

Bfjfi 

m 



cl 1D' 

cl 2D 

KU 

Q 

■a 

1333 


-0.35 

-0.24 



m 

-i.i 

-1.8 



Input Leakage 
Current, 

*IL' *IH 


i 

i 

±10 - ^ Typ., ±1 Max. 

MA 


* Maximum power dissipation rating < 200 mW. 



Fig. 5 — Typical n -channel drain characterstics for 
Q output. 



Fig. 6— Typical p-channel drain characteristics for 
Q output. 



Fig. 7— Typical transition time vs. 
C[_ for data outputs. 



LOAD CAPACITANCE (C L )-pP 


Fig. 8— Typical transition time vs. Cj_ for 
delayed dock output. 
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CD4062A Types 


DYNAMIC CHARACTERISTICS AT T A = 25’ C, V ss = 0 V, C L = 50 pF, Input t r , tf = 20 ns, 
except t r CL and tfCL 



** If more than one unit is cascaded in single-phase parallel clocked application, t r CL should be made less than 
or equal to the sum of the propagation delay at 1 5 pF, and the transition time of the output driving stage. 
(See Figs. 5 and 7 for cascading options.) 

A Use of delayed clock permits high-speed logic to precede CD4062A register (see cascade register operation). 


v 0 o 



TERMINAL DIAGRAM 



CLOCK FREOOENCT (»clI— H* 

92CS - 2*666 

Fig. 9— Typical power dissipation vs. frequency. 



92CS-2*6*T 


Fig. 10 — Minimum shift frequency vs. ambient 
temperature. 



Fig. 1 1— Quiescent-device-current 
test circuit. 


V D D 



Fig. 12 — Noise-immunity test 
circuit. 


XS- 

Vss 


T~ 

Vss 


NOTE 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH Vqq AND V55 
CONNECT ALL UNUSED 
INPUTS TO EITHER 

voo v ss 


92CWM02 


Fig. 13 — Input-leakage-current 
test circuit. 
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CD4066A Types 


COS/MOS Quad Bilateral Switch 

For Transmission or Multiplexing of Analog or Digital Signals 


RCA CD4066A is a quad bilateral switch 
intended for the transmission or multiplex- 
ing of analog or digital signals. It is pin-for- 
pin compatible with RCA-CD4016, but ex- 
hibits a much lower ON resistance. In addi- 
tion, the ON resistance is relatively constant 
over the full input-signal range. 

The CD4066A consists of four independent 
bilateral switches. A single control signal is 
required per switch. Both the p and the n 
device in a given switch are biased ON or 
OFF simultaneously by the control signal. As 
shown in Fig. 1, the well of the n-channel 
device on each switch is either tied to the 
input when the switch is ON or to V55 when 
the switch is OFF. This configuration elimi- 
nates the variation of the switch-transistor 
threshold voltage with input signal, and thus 
keeps the ON resistance low over the full 
operating-signal range. 

The advantages over single-channel switches 
include peak input-signal voltage swings 
equal to the full supply voltage, and more 
constant ON impedance over the input- 
signal range. For sample-and-hold applica- 
tions, however, the CD4016is recommended. 

These types aresupplied in 14-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 14-lead dual-in-line plastic pack- 
age (E suffix), 14-lead ceramic flat package 
(K suffix), and in chip form (H suffix). 


SPECIAL CONSIDERATIONS - CD4066A 

1. In applications where separate power 
sources are used to drive Vpp and the 
signal inputs, the Vpp current capability 
should exceed Vpp/RL (Rj_ = effective 
external load of the 4 CD4066A bilateral 
switches). This provision avoids any 
permanent current flow or clamp action 
on the Vpp supply when power is applied 
or removed from CD4066A. 

2. In certain applications, the external load- 
resistor current may include both Vpp 
and signal-line components. To avoid 
drawing Vpp current when switch cur- 
rent flows into terminals 1, 4, 8, or 11, 
the voltage drop across the bidirectional 
switch, must not exceed 0.8 volt (calcu- 
lated from Ron values shown). 

No Vpp current will flow through R^. 
if the switch current flows into terminals 
2, 3, 9, or 10. 

3. Minimum bilateral switch output load 
resistance is 100 £2. 
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Features: 

■ 15-V digital or ± 7.5-V peak-to-peak switching 

■ 80£2 typical ON resistance for 15-V operation 

■ Switch ON resistance matched to within 5 £2 over 15-V 

signal-input range 

■ ON resistance flat over full peak-to-peak 

signal range 

H High ON/OFF output-voltage ratio: 65 dB 
typ. @f js = 10 kHz, R l = lOkft 

■ High degree of linearity: < 0.5% distor- 

tion typ. @ f | s = 1 kHz, Vj s = 5 V p . p , 

Vpp-V ss > 10 V, R l = 10 k£2 

■ Extremely low OFF switch leakage result- 

ing in very low offset current and high r— 

effective OFF resistance: 10 pA typ. @ 

V DD“ V SS = 10 V ' T A = 25° C 

■ Extremely high control input impedance 

(control circuit isolated from signal 
circuit): 10 S2 typ. Xh 

■ Low crosstalk between switches: -50 dB 

typ. @ fjc = 0.9 MHz, Ri = 1 k£2 

„„ , „ L . NORMAL OPERATION 

■ Matched control-input to signal-output control-line biasing 

capacitance: Reduces output signal switch off, v c "o"*v S s 
transients 

■ Frequency response, switch ON = 40 MHz [ 

(typ.) 

■ Quiescent current specified to 15-V O — 

■ Maximum control input leakage current 

of 1 -/jA at 15-V (Full package- 
temperature range) fig. 1 -Sc 
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CD4066A 


FUNCTIONAL DIAGRAM | 


SIGNAL- LEVEL RANGE: 
V SS £V is <V DD 


* ALL CONTROL INPUTS 
ARE PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 

92CS-21 628R2 


temperature range) pig. 1 — Schematic diagram of 1 of 4 identical 

switches and its associated control circuitry. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE TEMPERATURE RANGE (T $tg ) -65 to +125° C 

OPERATING TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D, F, K, H -55 to +125°C 

PACKAGE TYPE E -40to+85°C 

DC SUPPLY VOLTAGE RANGE, V QD 

(Voltages referenced to V ss ) _q .5 to +15 V 

INPUT CURRENT (TRANSMISSION GATE INCL.) ±10 mA 

POWER DISSIPATION PER PACKAGE: 

FOR T a = -40 to +60° C (PACKAGE TYPE E) 500 mW 

FOR T a = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 1 2 mW/°C 200 mW 

FOR T a = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T a = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 1 2 mW/°C . . . 200 mW 

DEVICE DISSIPATION PER SECTION: 

FOR T a =FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

ALL SIGNAL AND DIGITAL CONTROL INPUTS V ss < V, < V DD 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 

OPERATING CONDITIONS AT T A = 25°C 

For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges. 


CHARACTERISTIC 

O 

Q 

> 

MIN. 

MAX. 

UNITS 

Supply Voltage Range 

(T a = Full Package Tempera- 
ture Range) 

- 

3 

12 

V 





CD4066A Types 


Applications: 

■ Analog signal switching/multiplexing ■ 

Signal gating Modulator ■ 

Squelch control Demodulator 
Chopper Commutating switch ■ 

■ Digital signal switching/Multiplexing 


Transmission-gate logic implementation 
Analog-to-digital & digital-to-analog con- 
version 

Digital control of frequency, impedance, 
phase, and analog-signal gain 



Fig. 2 (a) — Typical channel ON resistance vs. signal 
voltage for three values of supply volt- 
age (v DD -v ss ). 
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SIGNAL VOLTAGE (V ls ) - VOLTS 

92CS - 23914 


Fig. 2 ( b ) — Typical channel ON resistance vs. signal 
voltage with supply voltage (Vpp— 

v ss )-sv. 



Fig. 2 ( c ) — Typical channel ON resistance vs. signal 
voltage with supply voltage (Vqq— 

V S S>= 10 V - 



Fig. 2 (d) - Typical channel ON resistance vs. signal 
voltage with supply voltage (Vqq— 
V SS ) = 15 V. 


ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC 

TEST 

CONDITIONS 

All Voltage Values 

Are in Volts 

LIMITS 

Values at -55°C, +25°C, +125°C Apply to 
D, F, H Packages 

Values at -40°C, +25°C, +85°C Apply to E 
Package 

UNITS 


V DD 

(V) 

-55° 

-40° 

+85° 

+125° 

+25° 


TYP. 

MAX. 

Quiescent Device Current, 1^ max. 
D, F, H Pkgs. 

E Pkg . 


5 

0.25 

- 

- 

7.5 

0.01 

0.25 

pA 

10 

0.5 

- 

- 

15 

0.01 

0.5 

15 

2 

- 

- 

40 

0.02 

2 

5 

_ 

2.5 

15 

_ 

0.25 

2.5 

pA 

10 

- 

5 

30 

- 

0.25 

5 

15 

- 

50 

500 

- 

0.5 

50 

SIGNAL INPUTS <V is ) AND OUTPUTS (V os ) 



ON Resistance, Rq^ Max. 

V C = 
V DD 

V SS 

V is 

220 

250 

300 

320 

80 

280 

Q 

r l = iokn # 

+7.5 

-7.5 

-7.5 to 
+7.5 

+ 15 

0 

0 to 

+ 15 

+5 

-5 

-5 to 
+5 

400 

450 

520 

550 

120 

500 

+10 

0 

0 to 

+ 10 

+2.5 

-2.5 

-2j5 to 
+2.5 

3000 

3500 

5200 

5500 

270 

5000 

-5 

0 

0 to 

+5 

A 

ON Resistance Between 

Any 2 of 4 Switches, 

Ar on 

r l = iokn* 

- 


- 

- 

5 


n 

+7.5 

0 

+ 15 

-7.5 

0 

+7.5 to 
-7.5 

+15 to 
to 0 

+5 

0 

+ 10 

-5 

r 

0 

+5 to 

-5 

+ 10 to 

0 

- 

- 


- 

10 

- 

Sine Wave Response 
(Distortion) 

+5 

-5 

5V 

P-P* 

- 


- 

- 

0.4 

- 

% 

R l = 10kH 
f js = 1kHz 

Frequency Response 

Switch ON 
(Sine-Wave Input) 

+5 | --5 | -5 p-p 

- 

- 

- 

- 

40 


MHz 

R L = 1kS7 

V 

20 log 1Q — — = -3dB 
^is 

Feedthrough-Switch OFF 

+5 | -5 | -5 p-p 

- 

- 


- 

1.25 


MHz 

R l = 1kS7 

V 

20 log 1Q _£!= -50dB 
V is 

Input or Output Leakage - 
Switch OFF (Effective 

OFF Resistance) 

Q 

Q 

> 

V C = 

v ss 


_ 

_ 

_ 

_ 

±0.1 

+ 100* 

nA 

+7.5 

-7.5 


+5 

-5 

±5 

- 

- 

- 

- 

+0.1 

±100* 

Crosstalk 

Between Any 2 of the 4 

Switches (f at —50 dB) 

V C (A > =V DD =+5 
V C (B)=V SS = -5 

r l = ikn 

V (B) 
20log in _2i_ 
V is <A> 

(A) 

5V 

p-p 

-50dB 

- 

- 


- 

0.9 

- 

MHz 
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CD4066A Types 

ELECTRICAL CHARACTERISTICS (Cont'd) 


CHARACTERISTIC 


Propagation Delay (Signal 
Input to Signal Output) 
l pd 


Capacitance: 

Input, Cj $ 
Output, C OJ 
Feedthrough, C io 


Noise Immunity, V^|_ 
Min. 


Input Leakage Current, l (L 
Max. 


TEST 

CONDITIONS 

All Voltage Values 
Are in Volts 


V C V DD 
V DD V ss = GND 
= 5 C L =15pF 

Vj s = sq. wave 
V DD t r . t f = 20 ns 
(Input Signal) 


v DD' to 
V rr = V cc = -5 


V is< V DD 

l js =1QMA 

V DD- V SS =1 ° 
V is< V DD 
V DD- V SS= 15 
V r ^ V nn - Voo 


Values at -55 
0 

Values at -40° C 

LIMITS 

C, +25°C, +125°C Apply to 
, F, H Packages 
+25° C, +85°C Apply to E 
Package 





+& 1 

-55 

-40° 

+85° 

+125° 

TYP. 

MAX. 

- 

- 

- 

- 

20 

50 

- 

- 

- 

- 

10 

25 


_ 

_ 

_ 

8 

_ 

- 

- 

- 

- 

8 

- 

- 


_ 

- 

0.5 

- 


KEITHLEY 
160 DIGITAL 
MULTIMETER 



92CS -22716 

Fig. 3 — Channel ON resistance measurement circuit. 



INPUT SIGNAL VOLTAGE <V it ) - VOLTS 

92CS-2 39I7 

Fig. 4 — Typical ON characteristics for 1 of 4 
channels. 

I IQ^gl AMBIENT TEMPERATURE (T A )«25*C ]- .1.— Lxf I 


Crosstalk 

Control Input to 
Signal Output 

Propagation Delay, t pdC 


Maximum Allowable Control 
Input Repetition Rate 


Av. Input Capacitance, C| 


(sq. wave) *- 
_t rc = t fc R L =300kn 
= 20 ns V js <10 
C L = 15pF 

"v dd =io,v ss =gnd 
R L =1kn,C L =15pF 
V c = 10 (sq. wave) 
t r , tf = 20 ns 


* Limit determined by minimum feasible leakage measurement for automatic testing. 

^ Symmetrical about 0 volts. * For all test conditions. y c S y ss y oo 

°~ ~1 Y 

V i*' V DD I CD4066A 
O— I OF 4 

C ios SWITCHES 

ji_ MEASURED ON 800NT0N r- 

< II I CAPACITANCE BRIDGE 1 

I Vr*-5V Vnn s + 5 V 1 MODEL 75A ( IMHz) O 

I X r I TEST FIXTURE CAPACITANCE Vss 



VSS — 

ALL UNUSED TERMINALS 

ARE CONNECTED TO Vss- 97CS-239I9 

Fig. 7 — OFF switch input or output leakage. 

+ I0V V v c V DD 


Fig. 6- Capacitance test circuit. 




SWITCHING FREQUENCY !f)=-fcKi 


Fig. 5 - Power dissipation per package vs. switching 
frequency. SEP 


'vc HiKh 


. V C V DD = + I0V 

V o — I <? 

!0ns — 1 — yj 

CD4066A v os 
O — I OF 4 — Q — | 

Vi S *+IOV SWITCHES 


ALL UNUSED INPUTS ARE CONNECTED TO Vss- 
92CS- 23923 

Fig. IQ - Maximum allowable control input repeti- 
tion rate. 


v is CD4066A 
0—1 I OF 4 
SWITCHES 


ALL UNUSED INPUTS ARE CONNECTED TO VSS- 
92CS-23920RI 

Fig. 8 — Propagation delay time signal input (V IS ) 
to signal output (V QS ). 


Fig. 9 - Crosstalk-control input to signal output. 

r—\ V C * V DD V DD 


CD4066A v os 
• OF 4 f-Q- 
SWITCHES T 


ALL UNUSED TERMINALS ARE CONNECTED TO V S S 
92CS-23922RI 

Fig. 1 1 - Propagation delay t PLH , t pHL control- 
signal output. 


MD* 

Vss 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Vqd ANO V ss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
VooOnVgs 
MEASURE CONTROL 
INPUTS ONLY 


Fig. 12 — Input leakage current test circuit. 
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CD22100 Types 


COS/MOS 4x4 Crosspoint 
Switch with Control Memory 

High-Voltage Types (20-Volt Rating) 


The RCA-CD22100 combines a 4 x 4 
array of crosspoints (transmission gates) with 
a 4-line-to-1 6-line decoder and 16 latch cir- 
cuits. Any one of the sixteen transmission 
gates (crosspoints) can be selected by apply- 
ing the appropriate four line address. The 
selected transmission gate can be turned on 
or off by applying a logical one or zero, 
respectively, to the data input and strobing 
the strobe input to a logical one. Any number 
of the transmission gates can be ON simul- 
taneously. When the required operating 
power is applied to the CD22100, the states 
of the 16 switches are indeterminate. 
Therefore, all switches must be turned off 


by putting the strobe high and data-in low, 
and then addressing all switches in 
succession. 

Features: 

■ Low ON resistance - 75 ft typ. at 
V DD = 12 V 

■ "Built-in" control latches 

■ Large analog signal capability -± Vq D /2 

■ 10-MHz switch bandwidth 

■ Matched switch characteristics 
ARqm = 18ft typ. at V DD = 12 V 

■ High linearity — 0.5% distortion (typ.) at 
f=1 kHz, V, N = 5 V p . p , V DD = 10 V, 
and R|_ = 1 kft 

■ Standard COS/MOS noise immunity 

■ 100% tested for maximum quiescent 


current at 20 V 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, |V DD ) 

(Voltages referenced to V ss Terminal) _0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0 5 to V nn +0 5 V 

DC INPUT CURRENT, ANY ONE INPUT* ±10 mA 

POWER DISSIPATION PER PACKAGE <P D ): 

For T a = -40 to +60 o °C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 1 2 mW/°C to 200 mW 

ForT A = -55to+100C (PACKAGE TYPES D, F) 500 mW 

For T a = +100 to +125°C (PACKAGE TYPES D, F) . . . Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER TRANSMISSION GATE 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .... 100 mW 

OPERATING-TEMPERATURE RANGE (T a ) : 

PACKAGE TYPES D, F, H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T $t ) _ 65 to +15 o°c 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265°C 

* Maximum current through transmission gates (switches) = 25 mA. 


-55 to +125 C 
-40 to +85°C 
-65 to + 1 50°C 



Fig. 1 — Functional diagram. 



- 4 - 3 - 2-10 1 2 3 4 


INPUT SIGNAL (V |S >-V 


F'9- 2— Typical ON resistance as a function of 
input signal voltage at V QD « - 1/$$ = 



INPUT SIGNAL (V is )-V 

92CS- 30262 


Fig. 3— Typical ON resistance as a function of 



INPUT SIGNAL (V )-V 

92CS- 30263 

Fig. 4 — Typical ON resistance as a function of 
input signal voltage at V nn - - = 

7.5 V. 
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CD22100 Types 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges: 



LIMITS 



MIN. 

MAX. 


Supply-Voltage Range (ForTA = 




Full Package-Temperature Range) 

3 

18 

V 


* 

* DATA 

STROBE IN 





Fig. 7 — Typical switch ON transfer charac- 
teristics ( 1 of 16 switches). 


OETAILOF TRANSMISSION GATES 



Fig. 6— Schematic diagram. 



TRUTH TABLE 

Address 

Select Address 

Select 

A B 

C 

D 

A 

B 

c 

D 


0 0 

0 

0 

X1Y1 0 

0 

0 

1 

X1Y3 

1 0 

0 

0 

X2Y1 1 

0 

0 

1 

X2Y3 

0 1 

0 

0 

X3Y1 0 

1 

0 

1 

X3Y3 

1 1 

0 

0 

X4Y1 1 

1 

0 

1 

X4Y3 

0 0 

1 

0 

X1Y2 0 

0 

1 

1 

X1Y4 

1 0 

1 

0 

X2Y2 1 

0 

1 

1 

X2Y4 

0 1 

1 

0 

X3Y2 0 

1 

1 

1 

X3Y4 

1 1 

1 

0 

X4Y2 1 

1 

1 

1 

X4Y4 



INPUT SIGNAL FREQUENT (fjj)-kHx 

92CS -30266 


Fig. 8 — Typical switch ON frequency response 
characteristics. 



Fig. 9 — Typical crosstalk between switches as a 
function of signal frequency. 
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CD22100 Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS at Indicated Temperature CC) 
Values at — 55,+25,+125,apply to D,F,H pkg 
Values at —40,+25, +85, apply to E pkg 

Units 



V|N 

(V) 

V DD 

(V) 

-55 




+25 


nywimii 

CROSSPOINTS 

Quiescent 
Device Cur- 
rent, l DD 
Max. 


- 

5 

5 

5 

150 

150 

- 

0.04 

5 

JUA 

- 

10 

10 

10 

300 

300 

- 

0.04 

10 

- 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

ON Resist- 
ance 

Rqn Max - 

Any Switch 

V|S- 

0 to V D 0 

- 

5 

450 

1000 

1440 

1625 

- 

225 

1250 

n 

- 

10 

135 

145 

205 

230 

- 

85 

180 

- 

12 

100 

110 

155 

175 

- 

75 

135 

- 

15 

70 

75 

110 

125 

- 

65 

95 

AON Resist- 
ance, 

ARqn 

Between 
any two 

switches 

_ 

5 

_ 

_ 

_ 

_ 

— 

35 

- 

n 

- 

10 

- 


- 

- 

- 

20 

- 

- 

12 

- 

- 

- 

- 

- 

18 

- 

- 

15 

- 

- 

- 

- 

- 

15 

- 

OFF Switch 
Leakage 
Current 

1 l Max. 

All switches 

OFF 

0,18 

18 

±100 

±1000 

- 

±1 

±100* 

nA 

CONTROLS | 

Input Low 
Voltage 

V|j_ Max. 

OFF switch 
II <0.2 pA 

- 

5 

1.5 

- 

- 

1.5 


- 

10 

3 

- 


3 


- 

15 

4 

- 


4 

V 

Input High 
Voltage, 
V||_j Min. 

ON switch 
see Rqn 
characteristic 

_ 

5 

3.5 

3.5 

- 

- 


- 

10 

7 

7 

- 

- 


- 

15 

11 

11 

- 

- 


Input 
Current, 
l| N Max. 

Any control 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10~ 5 

±0.1 

pA 


* Determined by minimum feasible leakage measurement for automatic testing. 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C 


CHARACTERISTIC 

CONDITIONS 

LIMITS 

UNITS 


r l 

V is * 

V DD 






kHz 

kn 

(V) 

(V) 

Min. 

Typ. 

Max. 


CROSSPOINTS 

Propagation Delay Time, (Switch ON) 



5 

5 

- 

30 

60 


Signal Input to Output, tpj_| tp|_h| 

- 

10 

10 

10 

- 

15 

30 

ns 




15 

15 

- 

10 

20 



C L = 

50 pF; t r , tf 

= 20 ns 





Frequency Response, 

1 

- 

5 

10 

- 

40 

- 

MHz 

(Any Switch ON) 

Sine wave input 







V os 

20 log — 
v is 

- = -3 dB 





Sine Wave Response, (Distortion) 

1 

1 

5 

10 

- 

0.5 

- 

% 

Feedthrough 

1.6 

1 

5 

10 

- 

-80 

- 

dB 

(All Switches OFF) 

Sine wave input 






•Peak-to-peak voltage symmetrical about — — — . 



SWITCHING FREQUENCY (f, )-kHz 

92CS- 30268 


Fig. 10 — Typical dynamic power dissipation as a 
function of switching frequency. 


vdd 



Fig. 11 - Quiescent current test circuit. 



. NOTE 

MEASURE INPUTS 
SEQUENTIALLY TO 
BOTH V D o AND Vss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
- V DD OR V ss 


Fig. 12 — Input current test circuit. 



applying vdd 

Fig. 13 — Dynamic power dissipation test circuit. 
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CD22100 Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25° C 


CHARACTERISTIC 

CONDITIONS 

LIMITS | 

UNITS 

fis 

kHz 

Rl 

kn 

V is * 

(V) 

V DD 

(V) 

Min. 

Typ. 

Max. 

CROSSPOINTS (CONT'D) 

Frequency for Signal Crosstalk 
Attenuation of 40 dB 

Attenuation of 1 10 dB 

- 

rn 

10 



10 

- 

1.5 

0.1 

- 

MHz 

kHz 

Sine wave input 

Capacitance, 

X n to Ground 

Y n to Ground 

Feedthrough 


- 

_ 

5-15 

5-15 

- 

18 

30 

0.4 

- 

pF 

CONTROLS 

See 

Fig. 


Propagation Delay Time: 

Strobe to Output, tp^H 
(Switch Turn-ON to High Level) 

R L =1kft, 
Ci_=50pF, 
t..t* = 20 ns 

18 

5 

10 

15 

- 

300 

125 

80 

600 

250 

160 

ns 

Data-In to Output, tp^n 
(Turn-On to High Level) 

1 

f 

19 

5 

10 

15 

- 

110 

40 

25 

220 

80 

50 

Address to Output, tp^n 
(Turn-ON to High Level) 

20 

5 

10 

15 

- 

350 

135 

90 

700 

270 

180 

Propagation Delay Time: 

Strobe to Output, tp^z 
(Switch Turn-OFF) 

18 

5 

10 

15 


165 

85 

70 

330 

170 

140 

ns 

Data-In to Output, tp^|_ 

(Turn-ON to Low Level) 

19 

5 

10 

15 

- 

210 

110 

100 

420 

220 

200 

Address to Output, tp^z 
(Turn-OFF) 

20 

5 

10 

15 

- 

435 

210 

160 

870 

420 

320 

Minimum Setup Time, 

Data-In to Strobe, Address, tgy 


5 

10 

15 


95 

25 

15 

190 

50 

30 

ns 

Minimum Hold Time, 

Data-In to Strobe, Address, t|_j 



5 

10 

15 

- 

180 

110 

35 

360 

220 

70 

ns 

Maximum Switching Frequency, f^ 

R L =1k£2,C L =50pF 
t r , tf = 20 ns 

5 

10 

15 

0.6 1 
1.6 

2.5 

1.2 

3.2 

5 

- 

MHz 

Minimum Strobe Pulse Width, tyy 

5 

10 

15 

- 

300 

120 

90 

600 

240 

180 

ns 

Control Crosstalk, 

Data-In, Address, or Strobe to Output 

- 

10 

10 

10 


75 


mV 

(peak) 

Square wave input 
t r , tf = 20 ns 

Input Capacitance, C)^ 

Any Control Input 

- 

- 

5 

7.5 

pF 


• Peak-to-peak voltage symmetrical about Vqq. 

2 



Fig. 14 — OFF switch input or output leakage 
current test circuit. 


ON 



SW- ANY CROSSPOINT 
STROBE - OATA-IN-V 00 


t-' 


* PLH ~ 



k— ‘PHL 



(bo? 


92CS- 30273 


Fig. 15 — Propagation delay time test circuit and 
waveforms (signal input to signal output , 
switch ON). 


CONTROLS 



SW -ANY CROSSPOINT 




4 \ L— 


92CM-30277 

Fig. 16— Test circuit and waveforms for crosstalk 
(control input to signal output). 


v* O— sw -O 

lkfl< <lk 


SW — T O v 0f 
kfl< Slkft 


SW- ANY CROSSPOINT 92CS-30278 

Fig. 17 — Test circuit for crosstalk between switch 
circuits in the same package. 


587 









CD22100 Types 



Fig. 18 — Propagation delay time test circuit and waveforms (strobe to signal 
output, switch Turn-ON or Turn-OFF). 



Fig. 19 — Propagation delay time test circuit and waveforms ( data-in to signal output, 
switch Turn-ON to high or low level). 



Fig. 20 — Propagation delay time test circuit and waveforms (address to signal output, 
switch Turn-On or Turn-OFF). 


0 10 20 30 40 50 60 70 80 90 100(03 



Dimensions and pad layout for CD22100H. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~3 inch). 

The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57 ° instead of 90° with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0. 1 7 mm) larger in both dimensions. 
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Preliminary Data CD22101, CD22102 Types 


COS/MOS 4x4x2 
Crosspoint Switches 
With Control Memory 

The RCA-CD22101 and CD22102 crosspoint 
switches consist of 4 x 4 x 2 arrays of cross- 
points (transmission gates), 4-line to 16-line 
decoders, and 16 latch circuits. Any one of 
the sixteen crosspoint pairs can be selected 
by applying the appropriate four-line ad- 
dress, and any number of crosspoints can be 
ON simultaneously. Corresponding cross- 
points in each array are turned on and off 
simultaneously, also. 

In the CD22101, the selected crosspoint pair 
can be turned on or off by applying a logical 
ONE or ZERO, respectively, to the data in- 
put, and applying a ONE to the strobe in- 
put. When the device is “powered up’’, the 
states of the 16 switches are indeter- 
minate. Therefore, all switches must be 
turned off by putting the strobe high, 
data-in low, and then addressing all 
switches in succession. 

The selected pair of crosspoints in tne 
CD22102 is turned on by applying a logical 
ONE to the K a (set) input while a logical 


Features: 

■ Low ON resistance — 75 Q typ. at 
V D D = 12V 

■ "Built-in" latched inputs 

■ Large analog signal capability — 

± V DD /2 

■ 10 MHz switch bandwidth 

■ Matched switch characteristics 
ARon = 8 H typ. at Vqd = 12 V 

■ High linearity —0.25% distortion (typ.) at 

f = 1 kHz, V| N = 5 Vp.p, Vqd - VsS = 10 V, 
and Ri = 1 k£2 

■ Standard COS/MOS noise immunity 

ZERO is on the Kb input, and turned off by 
applying a logical ONE to the Kb (reset) 
input while a logical ZERO is on the K a 
input. In this respect, the control latches of 
the CD22102 are similar to SET/RESET 
flip-flops. They differ, however, in that the 
simultaneous application of ONEs to the K a 
and Kb inputs turns off (resets) all cross- 
points. All crosspoints in both devices must 
be turned off as N/qD is applied. 

The CD22101 and CD22102 types are sup- 
plied in 24-lead hermetic dual-in-line ceramic 
packages (D and F suffixes), 24-lead dual-in- 
line plastic packages (E suffix), and in chip 
form (H suffix). 



Applications: 

■ Telephone systems 

■ PBX 

■ Studio audio switching 

■ Multisystem bus interconnect 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to V$s Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT* ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D.F) 500 mW 

For T A = +1 00 to +1 25°C (PACKAGE TYPES D.F) ... Derate Linearly at 1 2 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE ( T A ) : 

PACKAGE TYPES D, F, H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch ( 1 .59 ± 0.79 mm) from case for 10s max +265°C 


* Maximum current through transmission gates (switches) = 25 mA. 



TOP VIEW 

92CS - 29839 

Top View 

CD22101 Terminal Diagram 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that oper- 
ation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

Min. | Max. 

UNITS 

Supply-Voltage Range (For T/\ = Full Package- 
Temperature Range) 

3 

18 

V 



Top View 

CD22102 Terminal Diagram 
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CD22101, CD22102 Types 



SIGNALS IN (OUT) 


92CM-298S8 


Fig. 1 — Functional block diagram. 
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CD22101, CD22102 Types 


DECODER TRUTH TABLE 


Address 

Select 

Address 

Select 

A B 

C 

D 


A 

B 

C 

D 


0 0 

0 

0 

X1Y1 & Xl'Yl' 

0 

0 

0 

1 

X1Y3& X1'Y3' 

1 0 

0 

0 

X2Y1 & X2'Y1' 

1 

0 

0 

1 

X2Y3& X2'Y3' 

0 1 

0 

0 

X3Y1 & X3Yl' 

0 

1 

0 

1 

X3Y3& X3'Y3' 

1 1 

0 

0 

X4Y1 & X4'Y1' 

1 

1 

0 

1 

X4Y3& X4'Y3' 

0 0 

1 

0 

X1Y2 & X1'Y2' 

0 

0 

1 

1 

X1Y4& Xl'Y4' 

1 0 

1 

0 

X2Y2 & X2Y2' 

1 

0 

1 

1 

X2Y4& X2'Y4' 

0 1 

1 

0 

X3Y2 & X3Y2' 

0 

1 

1 

1 

X3Y4& X3'Y4' 

1 1 

1 

0 

X4Y2 & X4'Y2' 

1 

1 

1 

1 

X4Y4&X4'Y4\ 


CONTROL TRUTH TABLE FOR CD22101 


Function 

Address 

Strobe 

Data 

Select 


A 

B 

C 

D 




Switch On 

1 

1 

1 

1 

1 

1 

15 (X4Y4) & 

15' (X4'Y4') 

Switch Off 

1 

1 

1 

1 

1 

0 

15 (X4Y4) & 

15' (X4'Y4') 

No Change 

X 

X 

X 

X 

0 

X 

X X X X 


1 = High Level; 0 = Low Level; X = Don't Care 


CONTROL TRUTH TABLE FOR CD22102 


Function 

Address 

K a 

Kb 

Select 


A 

B 

c 

D 




Switch On 

1 

1 

1 

1 

1 

0 

15 (X4Y4) & 

15' (X4'Y4') 

Switch Off 

1 

1 

1 

1 

0 

1 

15 (X4Y4) & 

15' (X4'Y4') 

All Switches 
Off 

X 

X 

X 

X 

1 

1 

All 

No Change 

X 

X 

X 

X 

0 

0 

X X X X 


1 = High Level; 0 = Low Level; X = Don't Care 
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CD22101, CD22102 Types 


STATIC ELECTRICAL CHARACTERISTICS at T A = 25°C 



TEST CONDITIONS 

TYPICAL 

VALUE 


CHARACTERISTIC 


VDD 

(V) 

UNITS 

Quiescent Device Current, l|_ 

Switches OFF or ON 

i 


20 

nA 

Crosspoint: 






OFF Leakage Current, l(_ 




100 

pA 

ON Resistance, R on 

RL 1 0 kil 



75 

n 

AON Resistance, ARON 



5 

a 

Feedthrough Capacitance, Cjos 




0.2 

pF 

Channel Input or Output 


12 



Capacitance, C(S, Cos 




30 

pF 

Control Input Capacitance, C| 




5 

pF 

Sine Wave Response (Distortion) 

f is" 1 kHz 

R L - 10 k<> 



0.4 

% 

Feedthrough, Crosspoints OF F 

fj s = 1.6 kHz 

RL = 1 k<> 



-95 

dB 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C 



TEST CONDITIONS 

TYPICAL 

VALUE 


CHARACTERISTIC 


Vdd 

(V) 

UNITS 

Propagation Delay Time: 

Address or Strobe Inputs 

To Output, tpHL. IPLH 

Rl = 10 kil 

C L = 50 pF 

t 

12 

200 

ns 

Across Crosspoint.tpi-) |_,tp lh 

1 

20 

ns 

Minimum Strobe Pulse Width 


♦ 

80 

ns 
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Objective Data 


CD22104, CD22104A Types 


COS/MOS 
Four- Digit LCD 
Decoder- Drivers 

12-V Rating 

The RCA-CD221 04 types are non- 
multiplexed, four-digit, seven-segment, 
liquid-crystal display decoder-drivers. 

The CD22104 types contain all the cir- 
cuitry necessary to drive conventional 
LCD displays (no external components re- 
quired). Outputs are four sets of seven- 
segment driver signals and a backplane 
driver signal. The backplane signal, de- 
rived from an on-board free-running 
oscillator, is common to all four digit 
displays. These outputs combine to pro- 
vide the zero dc components necessary 
for long display life. 

There are four data inputs and four digit 
select inputs. The four-bit binary input is 
decoded by means of a PROM into seven- 
segment hexadecimal outputs for the 
CD22104and into decimal seven-segment 
display outputs for the CD22104A. These 
devices are pin-compatible with the Inter- 
sil ICM7211IPL and ICM7211AIPL, respec- 
tively. 


Features 

a 12-V supply-voltage rating 
a No external components necessary 
a 4-digit segment drive capability 
■ Backplane input/output allows 
synchronization for cascading 
devices to drive more digits 

a Decodes multiplexed binary to 
hexadecimal (CD22104) and decimal 
( CD22104A ) outputs 

Applications 

a Digital meters and calculators 
a General-purpose displays 
a Wall and table clocks 
a Automobile dashboard displays 
a Appliance control panels 

The CD22104 types are supplied in the 
40-lead dual-in-line plastic (E suffix) 
package. 



CD22104, CD22104A 
Terminal Assignment 
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CD22105, CD22105A Types Objective Data 


COS/MOS 
Four-Digit LCD 
Decoder- Drivers 

12-V Rating 

The RCA-CD221 05 types are non- 
multiplexed, four-digit, seven-segment, 
liquid-crystal display decoder-drivers. 

The CD22105 types contain all the cir- 
cuitry necessary to drive conventional 
liquid-crystal displays (no external com- 
ponents required). Outputs are four sets 
of seven-segment driver signals and a 
backplane driver signal. The backplane 
signal, derived from an on-board free- 
running oscillator, is common to all four 
digit displays. These outputs combine to 
provide the zero dc components 
necessary for long display life. 

A four-bit data-input latch and a two-bit 
select-code latch under the control of two 
chip-select inputs permit interfacing with 
a microprocessor. This device simplifies 
designing a seven-segment display into a 
microprocessor system, without requiring 
extensive ROM or CPU time for decoding 
and display updating. The four-bit binary 
input is decoded by means of a PROM 
into a seven-segment hexadecimal output 


Features 

a 12-V supply-voltage rating 
a No external components necessary 
a 4-digit segment drive capability 
a Backplane input/output allows 
synchronization for cascading 
devices to drive more digits 
a Direct microprocessor interface 
a Decodes binary into hexadecimal 
(CD22105) and decimal (CD22105A) 
outputs 


Applications 

■ Microprocessor-controlled digital 
meters and calculators 

■ General-purpose displays 

■ Microprocessor-controlled auto- 
motive dashboard displays 

a Microprocessor appliance control 
panels 

for the CD22105 type and into a decimal 
display for the CD22105A type. These 
types are pin-compatible with the Intersil 
ICM721 1 M I PL and ICM721 1 AMIPL, 
respectively. 

The CD22105 types are supplied in the 
40-lead dual-in-line plastic (E suffix) 
package. 



CD22105, CD22105A 
Terminal Assignment 
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Preliminary Data 


CD22859 Types 


COS/MOS 

Dual-Tone Multifrequency 
Tone Generator 

For Use in Dual-Tone Telephone 
Dialing Systems 


Features 

u Mute drivers on chip 
m Device power can either be 
regulated dc or telephone loop 
current 

■ Use of an inexpensive 3.579545-MHz 
TV crystal provides high accuracy 
and stability for all frequencies 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY VOLTAGE RANGE (Vqd - Vss) 

INPUT VOLTAGE RANGE 

POWER DISSIPATION, P D : 

AtT A = -40°Cto +60°C 

At T A = +60°Cto + 85 °C 

POWER DISSIPATION PER OUTPUT 

OPERATING TEMPERATURE RANGE 

LEAD TEMPERATURE DURING SOLDERING: 

At distance 1/16 ± 1/32 in. (1.59 ±0.79 mm) 

from case for 10 s max 


-0.5 to + 12 V 

-0.5 to V DD + 0.5V 

500 mW 

Derate Linearly at 12 mW/ °C to 200 mW 

100 mW 

- 40°Cto +85°C 


+ 265 °C 


General Description 

The RCA-CD22859 is a CMOS dual-tone 
multifrequency (DTMF) tone generator for 
use in dual-tone telephone dialing 
systems. The device can easily be inter- 
faced to a standard pushbutton telephone 
keyboard, to provide enabling operation 
directly with the telephone lines. 

The CD22859 generates standard DTMF 
sinusoidal dialing tones from an on-chip 
reference crystal oscillator. The reference 
oscillator uses an inexpensive 
3.579545-MHz color TV crystal to create 
highly stable and accurate tones. The 
sinusoidal tones are digitally synthesized 
by a stair-step approximation. 

One of four low-frequency band row tones 
and one of four high-frequency band col- 
umn tones are selected by driving one of 
the four row inputs and one of the four 
column inputs low. Simultaneous selec- 
tion of more than one row input and/or 
more than one column input will inhibit 
tone generation, or generate a single-tone 
sinusoid. These operating modes are de- 
scribed in the functional truth table. 

Control logic is included to allow easy in- 
terface to standard K500-type telephones. 
Two CMOS outputs Tx, Rx, capable of 
driving external p-n-p receiver and 
transmitter muting transistors are pro- 
vided. A low input to the CD pin, inhibits 
tone generation, turns off the reference 
oscillator, and causes Tx and Rx outputs 
tojogic ‘O’. During tone generation mode, 
CD = 1 and Tx, Rx = logic 1. 

All row, column, and CD inputs are pro- 
vided with pull-up resistors to allow the 
use of SPST switch matrixes. 

The CD22859 types are supplied in a 
16-lead hermetic dual-in-line side-brazed 
ceramic package (D suffix), and a 16-lead 
dual-in-line plastic package (E suffix), and 
in chip form (H suffix). 


DTMF Generator Functional Truth Table 

Inputs Outputs 



Number of 

Number of 






Keyboard Mode 

Column Inputs 
Activated 

Row Inputs 
Activated 

CD 

Tone 

OSC 

Run- 

RX 

TX 


“Low” 

Low 



ning 



X 

X 

X 

“0” 

None 

No 

“0” 

“0” 

No key de- 

0 

0 

“1” 

None 

No 

“0” 

“0” 

pressed 







0 

1 

“1” 

Dual Tone 
R a.Ci 

Yes 

“r 

“1” 


1,2,3, or 4 

0 

“1” 

None 

No 

“0” 

“0” 

Normal Dialing 

1 

1 

“1” 

Dual Tone 




One Key De- 
pressed (See 




Ra.Ct) 

Yes 

“V’ 

‘T’ 

Note 1) 








Two or More 

2,3, or 4 

1 

“1” 

Single Row 

Yes 

‘T’ 

‘T’ 

Keys In 




Tone 




Same Row 
(See Note 2) 




Ra 




Two or More 

1 

2,3, or 4 

“1” 

Single Column 

Yes 

“i” 

“1” 

Keys In Same 




Tone 




Column 




Cb 




Two or More 
Keys In Dif- 
ferent Rows 

2,3 or 4 

1 

“V’ 

None 

Yes 

‘T’ 

‘T’ 

& Columns 

1 


1 

None 

Yes 

‘T’ 

“r 

Where: 









X = Do Not Care 

R a ,C b refers to Tone Output frequencies corresponding to Row 1, Row 2, Row 3, 
Row 4, Column 1, Column 2, Column 3, Column 4 
a = 1,2, 3, 4 b = 1,2, 3, 4 a = b, or a #b 

1. Corresponds to normal dual-tone operation. 

2. Corresponds to single-tone generation mode. 


595 



CD22859 Types 


STATIC ELECTRICAL CHARACTERISTICS at Ta = -25°C to +60 C 


CHARACTERISTIC 

VDD 

(V) 

Vo 

(V) 

LIMI1S 

UNITS 

Min. 

Max. 

Tone Outputs ( fl/_ = 82) ] 

Vo; Dual-Tone Output 

37-9.3 


350 

700 

mV rms 

Vq(Cl); Single-Tone 

Output, Column* 

37-9.3 


300 

- 

mV rms 

Vq(Rl); Single-Tone 

Output, Row** 

37-9.3 


260 

- 

mV rms 

Distortion (Note 1) 

3.9-9. 3 


— 

10 

% 

Rise and Fall Time 
(Dual-Tone Out) (Note 2) 

3.9-9. 3 


- 

5 

ms 

Pre-Emphasis (Note 3) 

3. 9-9. 3 


1 

3 

dB 

Output Frequency (Note 4) 

3. 9-9. 3 

. - 

(Nom. - 1 %) 

(Nom. + r/o) 

Hz 

\Mute Output Current | 

Transmitter 

lOH (Source) 

17 

10 

1.2 

9.5 

-0.5 

-3.4 

- 

mA 

lOL (Sink) 

10 

2.5 

— 

10 

M A 

Receiver 

lOH (Source) 

17 

10 

1.2 

9.5 

-0.5 

-3.4 

- 

mA 

Iql (Sink) 

10 

2.5 

- 

10 

pA 


*Two or more row inputs low, and one column input low. 
**Two or more column inputs low, and one row input low. 


Notes: 

2 . 


3. 

4. 


band frequency tone, and Vh is the 
high-band frequency tone. 

Tone rise time is defined as the time 
for each of the 2 DTMF frequencies to 
attain 90% of full amplitude, 
measured from the time when a row 
and column signal are driven low. 
Pre-emphasis is the ratio of the high- 
group level to the low-group level. 
Refer to Fig. 1 for standard DTMF fre- 
quencies. 


1. Distortion is defined as: The ratio of 
all extraneous frequency com- 
ponents generated in the voiceband 
0.5 kHz to 3 kHz, to the power of the 
dual-tone signal, measure across R[_. 

(V-|2 + V2 2 = . . . + V n 2) 

V L 2 + V H 2 

where V-|,V2, . . . V n are extraneous 
frequency components in the voice- 
band 0.5 kHz to 3 kHz, Vj_ is the low- 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -25°C to + 60°C 
All voltages referenced to Vss = 0 V. 


CHARACTERISTIC 

Vdd 

LIMITS 

UNITS 

Min. 

Max. 

DC Supply Voltage | 

Tone Generation Mode with 

Valid Input* 


2.5 

10 

V 

Non-Tone Generation** 


1.7 

10 

Operating Current \ 

Tone Generation Mode 
(Outputs Unloaded) 

37 V 

9.3 V 


1.7 

13 

mA 

No Keydown Mode 

3.7 V 


100 

pA 

9.3 V 


200 

Input Pull-Up Current 

3-10 V 


400 

uA 

Input Low Voltage (V|j_) Max. 

3-10 V 


0.2 Vnn 

V 

Input High Voltage (Vm) Min. 

3-10 V 

o.8 vdd 


V 


* All logic and counters functional. 
**Mute switches remain open. 
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Preliminary Data 


CD40115 


COS/MOS High-Speed 8-Bit 
Bidirectional CMOS/TTL Interface 


Level Converter 

The RCA-CD40115 is a high-speed 8-bit 
integrated circuit designed to interface CMOS 
logic levels with TTL logic levels on the data 
bus of microprocessor-based systems. CMOS/ 
TTL interface is provided by eight parallel 
bidirectional buffer/level converters. Buffer 
INPUT/OUTPUT terminals are either inputs 
or outputs depending on the desired direction 
of data flow. A low on both the ENABLE 
and DISABLE control inputs selects the 
direction of data flow from CMOS Inputs to 
TTL Outputs. A high on both control inputs 
selects the direction of data flow from TTL 
Inputs to CMOS Outputs. A low on the 
ENABLE and a high on the DISABLE 
inhibits data flow in either direction and 
places the CMOS Outputs in a high-imped- 
ance (3-state) mode. 

The TTL Input/Output terminals and the 
ENABLE and .DISABLE control inputs are 
TTL-compatible without the use of external 
pull-up resistors. The TTL input logic 0 to 
logic 1 transition occurs at a level of 
approximately 1.5 volts. The ENABLE and 
DISABLE inputs may be driven to the, Vdd 
rail; therefore, either TTL or CMOS logic 
drivers, capable of sinking one TTL load, 
may be used to determine the direction of 
data flow. The large CMOS and TTL output 


Features: 

■ Eight inverting channels with 5V-to-12V 

or 12V-to-5V level conversion 

■ Three operating modes: 

CMOS-to-TTL level conversion 
TTL-to-CMOS level conversion 
Interface off; high-impedance 
CMOS input/output 

■ Low propagation delay time: 

CMOS-to*TTL conversion - 10 ns typ. 
TTL-to-CMOS conversion — 30 ns typ. 

■ High TTL sink current — 30 mA typ. 

■ No external TTL input pull-up resistors 

required 

■ High speed drive of large data bus 

capacitances 

■ Input/output and power supply terminals 

located for ease of PC board layout 


buffers in this device have high output sink 
and source current capability and can drive 
the data bus capacitance with a transition 
time of approximately 0.1 ns/pF. This fast 
output transition time, together with the 
small propagation delay time of the device, 
allow high-speed operation. 

The CD40115 is supplied in a 22-lead 
hermetic dual-in-line ceramic package. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE (Voltages referenced to VSS Terminal) 

V DD -0.5 to +12.6 V 

V cc —0.5 to +6 V 

INPUT VOLTAGE RANGE: 


Data Inputs, CMOS to TTL 

Data Inputs, TTL to CMOS 

Enable, Disable Inputs 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = — 55°Cto +100°C 

For T a = +100 to +125°C 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For T a = Full Package-Temperature Range . 
OPERATING TEMPERATURE RANGE (T a ) . . . 

STORAGE TEMPERATURE RANGE (T st ) . . . 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance of 1 /1 6 ± 1/32 inch (1.59 ± 0.79 mm) 
from case for 10 s max. 


—0.5 to V dd +0.5 V 

-0.5 to V cc 40.5 V 

—0.5 to V Q0+O.5 V 

500 mW 

Derate Linearly at 12 mW/°C to 200 mW 

100 mW 

—55 to +125°C 

—65 to +150°C 


+265° C 



Applications: 

■ Interface CMOS microprocessor with 

TTL memories and peripheral devices 

■ Interface between and within logic 

systems which combine CMOS 
and TTL devices 



TERMINAL ASSIGNMENT 


TRUTH TABLE 


ENABLE 

DISABLE 

FUNCTION 

0 

0 

Convert CMOS Level to TTL Level 

1 

1 

Convert TTL Level to CMOS Level 

0 

1 

High Impedance (Z) 

1 

0 

Invalid* 


0 = Low Level 1 = High Level 

Z = High Impedance on CMOS Output side; TTL side are inputs. 
INVALI D = Both CMOS and TTL sides are ON as outputs. 


See Operating and Handling Considerations — Bypassing and 
Unused Inputs. 


Excessively high currents from Vpp to Vgg could flow 
in this mode during power turn-on or turn-off if other 
IC's drive into the bus lines (on either the TTL or CMOS 
side) . This high current condition could occur during a 
transient or steady-state invalid mode. 
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CD40115 



v ss 

I OF 8 IDENTICAL CIRCUITS 


Input (Output) 

Out 

aut (Input) 

Data 

Terminal No. 

Data 

Terminal No. 

A1 

2 

B1 

21 

A2 

3 

B2 

20 

A3 

4 

B3 

19 

A4 

5 

B4 

18 

A5 

6 

B5 

37 

A6 

7 

B6 

16 

A7 

8 

B7 

IS 

A8 

9 

B8 

14 


DISABLE 

OAA/V 


Vss 


ENABLE AND DISABLE ARE 
TTU TYPE INPUTS 

D AND E OUTPUTS ARE 
COMMON TO ALL 8 CHANNELS 


Fig. 1 — Functional block diagram. 


STATIC ELECTRICAL CHARACTERISTICS At T A = 25°C, V DD = 12 V, V cc = 5 V 


CHARACTERISTIC 

TEST CONDITIONS 

TYPICAL 

VALUES 

UNITS 

Data Flow — CMOS Inputs to TTL Outputs | 

Quiescent Device Current, 




From V DD Supply, l DD 


,4 

mA 

From Vqq Supply, IqC 


5 

HA 

Input Current, l||\j 

V|n= 0,12 V; Any CMOS input 

±50 

M A 

Output Current, IqH 

V 0 H=3V,V| L =2V 

15 


! ol 

V ol = 0.4V, V m =10 V 

30 


|Data Flow — TTL Inputs to CMOS Outputs j 

Quiescent Device Current, 




From V DD Supply, l DD 


4 

mA 

From Vqq Supply, Iqq 


5 

A A 

Input Current, l|L 

V| j_=0 to 0.7 V; Any TTL input 

-250 


*IH 

V| h = 2.3 V; Any TTL input 

-50 


Output Current, IqI_j 

V 0 h=11-5 V, V, l =0.7 V 

20 

mA 

'OL 

V OL =0.5 V, v ,h= 2 3 v 

20 


CMOS 3- State Output Leakage 




Current, 'OUT 

V o =0,12 V, V )N =0,5 V 

±50 

HA 

jEnable and Disable Inputs | 

Input Current, l|j_ 

V |L =0 to 0.7 V 

-250 


'IH 

V m =2.3 V (TTL) 

-50 

juA 

1 1 H 

V m =12 V (CMOS) 

50 



DYNAMIC ELECTRICAL CHARACTERISTICS At T A = 25°C f V DD = 12 V, V cc = 5 V 




TYPICAL VALUES ~ 1 


UHAnAtr 1 bnlo 1 IU 

INPUT 

OUTPUT 


C l =200 pF 


Propagation Delay Times, 

Data-In to Data-Out, 

CMOS 

TTL 

10 

15 

ns 

tPHL^PLH 

TTL 

CMOS 

30 

40 

Enable or Disable to 

Data-Out, 



35 

ns 

tPHZ' tPZH^PLZ^PZL 






Transition Time, tjm_, 

CMOS 

TTL 

10 

15 

ns 


TTL 

CMOS 

10 

15 



600 



























Preliminary Data 


CD40116 


COS/MOS High-Speed 8-Bit 
Bidirectional CMOS/TTL 
Interface Level Converter 


The RCA-CD40116 is a high-speed 8-bit 
integrated circuit designed to interface 
CMOS logic levels with TTL logic levels 
on the data bus of microprocessor-based 
systems. CMOS/TTL interface is provided 
by eight parallel bidirectional buffer/level 
converters. Buffer INPUT/OUTPUT ter- 
minals are either inputs or outputs depen- 
ding on the desired direction of data flow. 

A low level on the DISABLE input with the 
ENABLE input either high or low, permits 
conversion of CMOS inputs to TTL out- 
puts. A high level on both the DISABLE 
and ENABLE inputs permits data flow 
from TTL inputs to CMOS outputs. A low 
level on the ENABLE input and a high 
level on the DISABLE input sets both in- 
puts/outputs to the high-impedance state. 

The TTL Input/Output terminals and the 
ENABLE and DISABLE control inputs are 
TTL-compatible without the use of exter- 
nal pull-up resistors. The TTL input logic 0 
to logic 1 transition occurs at a level of 
approximately 1.5 volts. The ENABLE and 
DISABLE inputs may be driven to the Vqd 
rail; therefore, either TTL or CMOS logic 
drivers, capable of sinking one TTL load, 
may be used to determine the direction of 
data flow. The large CMOS and TTL out- 
put buffers in this device have high output 
sink and source current capability and 
can drive the data bus capacitance with a 
transition time of approximately 0.25 
ns/pF. This fast output transition time, 
together with the small propagation delay 
time of the device, allow high-speed 
operation. 


The CD40116 is supplied in a 22-lead 
hermetic dual-in-line ceramic 
package^ (D suffix) and in a 22-lead 
plastic package (E suffix). 

Features: • 

■ Eight inverting channels with conversion 

from Vqd VCC or ^CC t0 VDD 
(4V< VpD < 12 V and 4 V< V CC <V DD ) 

■ Three operating modes: 

CMOS-to-TTL level conversion 
TTL-to-CMOS level conversion 
Interface off; high-impedance 
on both sides 

■ Low propagation delay time: 

CMOS-to-TTL conversion — ■ 15 ns typ. 
TTL-to-CMOS conversion — 30 ns typ. 
(Vqd = 12 V, V C C = 5 V) 

■ High TTL sink current — 11 mA typ. 

■ No external TTL input pull-up resistors 

required 

■ High speed drive of large data bus 

capacitances 

■ Input/output and power supply ter- 

minals located for ease of PC board 
layout 



Applications: 

■ interface CMOS microprocessor with 

TTL memories and peripheral 
devices 

■ Interface between and within logic 

systems which combine CMOS and 
TTL devices 


TRUTH TABLE 


ENABLE 

DISABLE 

FUNCTION 

X 

0 

Convert CMOS Level to TTL Level 

1 

1 

Convert TTL Level to CMOS Level 

0 

1 

High Impedance (Z) 


0= Low Level 1 = High Level X = Don’t Care 
Z = High Impedance on both CMOS and TTL sides. 

See Operating and Handling Considerations — Bypassing and 
Unused Inputs. 



Input (Output) 

Out 

sut (Input) 

Data 

Terminal No. 

Data 

Terminal No. 

A1 

2 

B1 

21 

A2 

3 

B2 

20 

A3 

4 

B3 

19 

A4 

5 

B4 

18 

A5 

6 

B5 

17 

A6 

7 

B6 

16 

A7 

8 

B7 

15 

A8 

! l 

B8 

14 


D AND E OUTPUTS ARE 
COMMON TO ALL 8 CHANNELS 

92CM-32570 


Fig. 1 — Functional block diagram. 


Vqd 


r a i - 

£ A2 - 
o A3 - 
§ A4 - 
|” AS - 

A6 - 
<n , 

O A7 - 
<-> 1^8 - 
ENABLE - 


V. 

1 

J 

22 

2 

21 

3 

20 

4 

19 

5 

18 

6 

17 

7 

16 

8 

15 

9 

14 

10 

13 

II 

12 


Vcc 

BI V 

B2 

B3 

B4 

B5 

B6 

B7 


- DISABLE 
V S s 


92CS-30245 

TERMINAL ASSIGNMENT 
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CD40116 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE (Voltage referenced to VSS Terminal) 


v dd —0.5 to V DD 

V cc —0.5 to Vdd 


INPUT VOLTAGE RANGE: 


Data Inputs, CMOS to TTL 

Data Inputs, TTL to CMOS 

Enable, Disable Inputs 

POWER DISSIPATION PER PACKAGE (P D ): 

For T a = —40 to +60° C (Package Type E) 

For T A = 60 to +85° C (Package Type E) 

For T a = — 55° C to + 100° C 

For T a = +100 to +125° C 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For T a = Full Package-Temperature Range 

OPERATING TEMPERATURE RANGE (Ta): 

Package Type D 

Package Type E 

STORAGE TEMPERATURE RANGE (T stg ) 

LEAD TEMPERATURE (During Soldering): 

At distance of 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 
from case for 10 s max 


—0.5 to Vdd +0.5 V 

—0.5 to Vcc +0.5 V 

—0.5 to Vdd +0.5 V 

500 mW 

Derate linearly at 12 mW/°C to 200 mW 

500 mW 

Derate linearly at 12 mW/°C to 200 mW 

100 mW 

—55 to +125°C 

—40 to +85° C 

—65 to +150°C 


+265° C 


STATIC CHARACTERISTICS at Ta = 25°C, Vpp = 12 V, VQC = 5 V 


CHARACTERISTIC 

TEST CONDITIONS 

TYPICAL 

VALUES 

UNITS 

Quiescent Device Current, 


ENABLE = 1 

1 

mA 

From Vqd Supply, 

<DD 

ENABLE = 0 

200 

fa 

From Vqc Supply, 

ICC 


5 


Data Flow — CMOS Inputs to TTL Outputs | 

Input Current, 

l|N 

V|M =0,12 V; Any CMOS input 

±5 

mA 

Output Current, 

'OH 

V0H=3 V, V| L = 2 V 

-12 

mA 

lOL 

Vol = 0.4 V, V| H = 10 V 

11 

TTL 3-State Output Leakage 


ENABLE = 1 

—250 


Current 

'OUT 

ENABLE = 0 

±5 

fa 

Data Flow — TTL Inputs to CMOS Outputs j 

Input Current, 

IlL 

V| L = 0 to 0.7 V; Any TTL input 

—250 

mA 

IlH 

V|H =2.3 V; Any TTL input 

— 150 

Output Current, 

•oh 

Voh = H-5 V, V|L = 0.7 V 

-6.5 

mA 

lOL 

V O l = 0.5 V, V| H = 2.3 V 

6.5 

CMOS 3-State Output 

■out 




Leakage Current, 

Vq =0,12 V, V| N = 0,5 V 

±5 

fa 

Enable and Disable Inputs 


1 1 L 

V| L = 0 to 0.7 V 

—250 


Input Current, 

IlH 

V| H =2.3 V (TTL) 

— 150 

mA 


IlH 

V| H = 12 V (CMOS) 

5 



DYNAMIC ELECTRICAL CHARACTERISTICS At Ta = 25°C, 

vdd = 12 v, vcc = 5 v 


CHARACTERISTIC 

TEST CONDITIONS 

TYPICAL VALUES 


INPUT 

OUTPUT 

Cl = 50 pF 

c L 

= 200 pF 

UNI 1 o 

Propagation Delay Times, 







Data-In to Data-Out, 

CMOS 

TTL 

15 


35 

ns 

tPHL.tpLH 

TTL 

CMOS 

30 


50 

Enable or Disable to 







Data-Out, 



30 


ns 

tPHZ.tpZH.tpLZ,tpZL 




' 



Transition Time, 

CMOS 

TTL 

20 


55 

ns 

tTHL. tTLH 

TTL 

CMOS 

20 

L 

55 


602 





Dimensional Outlines 
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Dimensional Outlines 


Dual-ln-Line Welded-Seal Ceramic Packages 

h- 0 H °< (D) SUFFIX (JEDEC MO-OOI-AD) 


stATiwo rt-Axe 
GAUGCM.AME 


rrm 

-^•l I— 

■» -B. •-« 




NOTES: 

Refer to Rules for Dimensioning (JEDEC Publication No. 95) 
for Axial Lead Product Outlines. 

1. When this device is supplied solder-dipped, the maximum lead 
thickness (narrow portion) will not exceed 0.013" (0.33 mm). 

2. Leads within 0.005" (0.12 mm) radius of True Position (TP) at 
gauge plane with maximum material condition and unit installed. 

3. e^ applies in zone L 2 when unit installed. 

4 a applies to spread leads prior to installation. 

5. N is the maximum quantity of lead positions. 

6. N 1 is the quantity of allowable missing leads. 


14- Lead Dual-ln-Line Welded-Seal 
Ceramic Package 


| INCHES | 

MIN. 

MAX. 

0.120 

0.020 

0.160 

0.065 

0.014 

0.050 

0.020 

0.065 

0.008 

0.745 

0.012 

0.770 

0.300 

0.240 

0.325 

0.260 

0.100 TP 

0.300 TP 

0.125 

0.000 

0.150 

0.03Q 

00 

150 

1 

0 

0.050 

0.065 

0.085 

0.090 


| MILLIMETERS | 

MIN. 

MAX. 

3.05 

0.51 

4.06 

1.65 

0.356 

1.27 

0.508 

1.65 

0.204 

18.93 

0.304 

19.55 

7.62 

6.10 

8.25 

6.60 

2.54 TP 

7.62 TP 

3.18 

0.000 

3.81 

0.76 

00 

15o 

14 

0 

1.27 

1.66 

2.15 

2.28 


(D) SUFFIX (JEDEC MO-001-AE) 
16-Lead Dual-ln-Line Welded-Seal 
Ceramic Package 



INCHES 


MILLIMETERS | 


MIN. 

MAX. 


MIN. 

MAX. 

A 

0.120 

0.160 


3.05 

4.06 

A, 

0.020 

0.065 


0.51 

1.65 

B 

0.014 

0.020 


0.356 

0.508 

B 1 

0.035 

0.065 


0.89 

1.65 

C 

0.008 

0.012 

1 

0.204 

0.304 

D 

0.745 

0.785 


18.93 

19.93 

E 

0.300 

0.325 


7.62 

8.25 

E 1 

0.240 

0.260 


6.10 

6.60 

e 1 

0.100 TP 

2 

2.54 TP 

e A 

0.300 TP 

2, 3 

7.62 TP 

L 

0.125 

0.150 


3.18 

3.81 

1-2 

0.000 

0.030 


0.000 

0.76 

a 

0° 

15° 

4 

0° 

15° 

N 

16 

5 

16 I 

Nl 


0 

6 


0 

Q 1 

0.050 

0.085 


1.27 

2.15 

S 

0.015 

0.060 


0.39 

1.52 



^ i 





Jr 


NOTES: 

1. Leads within 0.005" (0.13 mm) radius of True 
Position at maximum material condition. 

2. Center to center of leads when formed parallel. 

3. When this device is supplied solder dipped, the 
maximum lead thickness (narrow portion) will not 
exceed 0.013" (0.33 mm). 


(D) SUFFIX (JEDEC MO-015-AG) 
24-Lead Dual-ln-Line Welded-Seal 
Ceramic Package 


NOTES: 

Refer to Rules for Dimensioning (JEDEC Publication No. 95) 

for Axial Lead Product Outlines. 

1. When this device is supplied solder-dipped, the maximum 
lead thickness (narrow portion) will not exceed 0.013" 

(0.33 mm). 

2. Leads within 0.005" (0.12 mm) radius of True Position 
(TP) at gauge plane with maximum material condition 
and unit installed. 

3. e£ applies in zone L 2 when unit installed. 

4. a applies to spread leads prior to installation. 

5. N is the maximum quantity of lead positions. 

6. N-j is the quantity of allowable missing leads. 

DUAL-IN-LINE SIDE-BRAZED CERAMIC 
PACKAGES 



INCHES 


MILLIMETERS | 


MIN. 

MAX. 


MIN. 

MAX. 

A 

0.090 

0.200 


2.29 

5.08 

Al 

0.020 

0.070 


0.51 

1.78 

B 

0.015 

0.020 


0.381 

0.508 

Bl 

0.045 

0.055 


1.143 

1.397 

C 

0.008 

0.012 

1 

0.204 

0.304 

D 

1.15 

1.22 


29.21 

30.98 

E 

0.600 

0.625 


15.24 

15.87 

El 

0.480 

0.520 


12.20 

13.20 

ei 

0.100 TP 

2 

2.54 TP 

eA 

0.600 TP 

2,3 

15.24 TP 

L 

0.100 

0.180 


2.54 

4.57 

L2 

0.000 

0.030 


0.00 

0.76 

a 

0° 

15° 

4 

0° 

15° 

N 

24 

5 

24 

Nl 



6 


0 

Ql 

0.020 

0.080 


0.51 

2.03 

s 

0.020 

0.060 


0.51 

1.52 


(D) SUFFIX 
40-Lead Dual-ln-Line 
Side-Brazed Ceramic Package 


SYMBOL 

INCHES 

NOTE 

MILLIMETERS | 


MIN. MAX. 


MIN. 

MAX. 

A 

1.980 2.020 


50.30 

51.30 

C 

0.095 0.155 


2.43 

3.93 

D 

0.017 0.023 


0.43 

0.56 

F 

0.050 REF. 


1.27 REF. 

G 

0.100 BSC 

1 

2.54 BSC 

H 

0.030 0.070 


0.76 

1.78 

J 

0.008 0.012 

3 

0.20 

0.30 

K 

0.125 0.175 


3.18 

4.45 

L 

0.580 0.620 

2 

14.74 

15.74 

M 

7° 


- 

70 

P 

0.025 0.050 


0.64 

1.27 

N 

40 


40 1 

92CM-27029R2 


(D) SUFFIX (JEDEC MO-015-AH) 
28- Lead Dual-ln-Line Welded-Seal 
Ceramic Package 


INCHES 
MIN. IMA XT 
0.090 0.200 
0 0.070 


1.380 1.420 
0.600 0.625 
0.485 0.515 
0.100 TP 


28 

0 

0.020 10.070 
0.040 0.070 


1 MILLIMETERS 


28 

0 

"051 T!77 

1.02 1.77 

92CM-20250R2 


(D) SUFFIX 
22-Lead Dual-ln-Line 
Side-Brazed Ceramic Package 


SYMBOL 

mzi 

MIN. 

jES ... 
MAX. 

NOTE 

MILLIMETERS 
MIN. I MAX. 

A 

1.065 

1.100 


27.05 

27.94 

C 

0.085 

0.145 


2.16 

3.68 

D 

0.017 

0.023 


0.43 

0.56 

F 

0.040 REF. 

1 

1.02 REF. 

G 

0.100 BSC 

1 

2.54 BSC > 

H 

0.030 

0.070 


0.76 

1.78 

J 

0.008 

0.012 

3 

0.20 

0.30 

K 

0.125 

0.175 


3.18 

4.45 

L 

0.380 

0.420 

2 

9.65 

10.67 

M 

- 

7° 


- 

7° 

P 

0.025 

0.050 


0.64 

1.27 


22 I 

92CS-25186R2 
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Dimensional Outlines (Cont’d) 


Dual-In-Line Plastic and Frit-Seal Ceramic Packages 



NOTES: 

Refer to Rules for Dimensioning (JEDEC Publication No. 95) 

for Axial Lead Product Outlines. 

1. When this device is supplied solder-dipped, the maximum lead 
thickness (narrow portion) will not exceed 0.013" (0.33 mm). 

2. Leads within 0.005" (0.12 mm) radius of True Position (TP) 
at gauge plane with maximum material condition and unit 
installed. 

3. e/^ applies in zone L2 when unit installed. 

4. a applies to spread leads prior to installation. 

5. N is the maximum quantity of lead positions. 

6. N-j is the quantity of allowable missing leads. 

(E) and (F) SUFFIXES (JEDEC MO-001-AB) 
14-Lead Dual-In- Line Plastic or 
Frit-Seal Ceramic Package 



(E) and (F) SUFFIXES (JEDEC MO-001-AC) 
16-Lead Dual-ln-Line Plastic or 
Frit-Seal Ceramic Package 


SYMBOL 

INCHES 

NOTE 

MILLIMETERS | 

MIN. MAX. 

MIN. 

MAX. 

A 

0.155 0.200 


3.94 

5.08 

Al 

0.020 0.050 . 


0.51 

1.27 

B 

0.014 0.020 


0.356 

0.508 

B 1 

0.035 0.065 


0.89 

1.65 

C 

0.008 0.012 

1 

0.204 

0.304 

D 

0.745 0.785 


18.93 

19.93 

E 

0.300 0.325 


7.62 

8.25 

El 

0.240 0.260 


6.10 

6.60 

e 1 

0.100 TP 

2 

2.54 TP 

e A 

0.300 TP 

2, 3 

7.62 TP 

L 

0.125 0.150 


3.1 B 

3.81 

l 2 

0.000 0.030 


0.000 

0.76 

a 

0° 15° 

4 

0° 

15° 

N 

16 

5 

,6 1 

N'l 

0 

6 


0 

Q 1 

0.040 0.075 

l 

1.02 

1.90 

S 

0.015 0.060 


0.39 

1.52 


92CM-I5967R4 


(E) SUFFIX 
22-Lead Dual-ln-Line 
Plastic Package 



92CS-30830 



NOTES: 

Refer to Rules for Dimensioning (JEDEC Publication No. 95) 
for Axial Lead Product Outlines. 

1. When this device is supplied solder dipped, the maximum lead 
thickness (narrow portion) will not exceed 0.013". 

2. Leads within 0.005" (0.12 mm) radius of True Position (TP) at 
guage plane with maximum material condition and unit installed 

3. e/\ applies in zone L2 when unit installed. 

4. a applies to spread leads prior to installation. 

5. N is the maximum quantity of lead positions. 

6. N -| is the quantity of allowable missing leads. 


(E) and (F) SUFFIXES (JEDEC MO-015-AA) 
24-Lead Dual-ln-Line Plastic or 
Frit-Seal Ceramic Package 


SYMBOL 

INCHES 

NOTE 

MILLIMETERS 

MIN. MAX. 

MIN. 

MAX. 

A 

0.120 0.250 


3.10 

6.30 

Al 

0.020 0.070 


0.51 

1.77 

B 

0.016 0.020 


0.407 

0.508 

Bl 

0.028 0.070 


0.72 

1.77 

C 

0.008 0.012 

1 

0.204 

0.304 

D 

1.20 1.29 


30.48 

32.76 

E 

0.600 0.625 


15.24 

15.87 

El 

0.515 0.580 


13.09 

1 14.73 

e 1 

0.100 TP 

2 

2.54 TP 

eA 

0.600 TP 

2,3 

15.24 TP 

L 

0.100 0.200 


2.54 

5.00 

L2 

0.000 0.030 


0.00 

0.76 

a 

0O 150 

4 

0o 

150 

INI 

24 

5 

1 24 

Ml 

0 

6 

0 


Q 1 

0.040 0.075 


1.02 

1.90 

S 

0.040 0.100 


1.02 

2.54 


92CS26938R2 


(E) SUFFIX (JEDEC MO-001-AN) 
8- Lead Dual-ln-Line Plastic 
(Mini-DIP) Package 



( F) SUFFIX (JEDEC MO-001-AG) 
16-Lead Dual-ln-Line 
Frit-Seal Ceramic Package 


SYMBOL 

INCHES 
MIN. | MAX. 

NOTE 

MILLIM 

MIN. 

ETERS 

MAX. 

A 

0.165 

0.210 


4.20 

5.33 

Al 

0.015 

0.045 


0.381 

1.14 

B 

0.015 

0.020 


0.381 

0.508 

Bl 

0.045 

0.070 


1.15 

1.77 

C 

0.009 

0.011 

1 

0.229 

0.279 

D 

0.750 

0.795 


19.05 

20.19 

E 

0.295 

0.325 


7.50 

8.25 

El 

0.245 

0.300 


6.23 

7.62 

e 1 

0.100 TP 

2 

2.54 TP 

e A 

0.300 TP 

2,3 

7.62 TP 

L 

0.120 

0.160 


3.05 

4.06 

L 2 

0.000 

0.030 


0.000 

0.76 

a 

2° 

150 

4 

2° 

15° 

N 


16 

5 

16 

Ni 


0 

6 



Q 1 

0.050 

0.080 


1.27 

2.03 

S 

0.010 

0.060 


0.254 

1.52 


92CM-22284R1 


(E) SUFFIX 
40-Lead Dual-ln-Line 
Plastic Package 



INCHES 


MILLIMETERS 1 

SYMBOL 

MIN. MAX. 

NOTE 

MIN. 

MAX. 

A 

0.120 0.250 


3.10 

6.30 

Ai 

0.020 0.070 


0.51 

1.77 

B 

0.016 0.020 


0.407 

0.508 

Bl 

0.028 0.070 


0.72 

1.77 

C 

0.008 0.012 

1 

0.204 

0.304 

D 

2.000 2.090 


50.80 

53.09 

El 

0.515 0.580 


13.09 

14.73 

e 1 

0.100 TP 

2 

2.54 

TP 

eA 

0.600 TP 

2,3 

15.24 TP | 

L 

0.100 0.200 


2.54 

5.00 

l 2 

0.000 0.030 


0.00 

0.76 

a 

0° 15° 

4 

0° 

15° 

N 

40 

5 

40 

Ni 

0 

6 

C 


Qi 

0.065 0.095 


1.66 

2.41 

s 

0.040 0.100 


1.02 

2.54 


92CS-30959 
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Dimensional Outlines (Cont’d) 


TO-5 Style Package 

(T) SUFFIX (JEDEC MO-006-AG) 
12- Lead Metal Package 



SYMBOL 

INCHES 

NOTE 

MILLIMETERS 

MIN. | MAX. 

MIN. | MAX. 

a 

0.230 

2 

5.84 TP 

Al 

0 



0 

0 

a 2 




KSEH 

■53 

0B 



3 

D33I 


08-j 

HZ 

0_ 


BOB 

■El 

002 

Bfljlil 


3 


BEES 

0D 


ITTTil 


8.51 

9.39 

0D-, 


BEji 


7.75 

8.50 

Pi 

FIT 




m 

i 


■»w 


0.712 

0.863 

k 



4 

0.74 

■xn 

Li 


0.050 

3 

0.00 

1.27 

L2 

0.250 

0.500 

3 

6.4 

12.7 

l 3 

0.500 

0.562 

3 

12.7 

14.27 

a 

30° TP 


30 c TP 

N 

12 

6 

12 

Ni 

1 

5 

1 


NOTES: 

1. Refer to Rules for Dimensioning Axial Lead Product Out- 
lines. 

2. Leads at gauge plane within 0.007" (0.178 mm) radius of 
True Position (TP) at maximum material condition. 

3. 0B applies between Li and L2- 082 applies between L2 
and 0.500" (12.70 mm) from seating plane. Diameter is 
uncontrolled in Li and beyond 0.500" (12.70 mm). 

4. Measure from Max. 0D. 

5. Ni is the quantity of allowable missing leads. 

6. N is the maximum quantity of lead positions. 


Ceramic Flat Packs 


(K) SUFFIX (JEDEC MO-004-AF) 
14-Lead 



PLANE 


SYMBOL 

INCHES 

NOTE 


12231 


12KB 


A 

0.008 

0.100 



2.54 

B 

0.015 

0.019 

1 


0.482 

C 


■iT.Vta 

1 

TM 


e 


2 


E 

0.200 

0.300 


5.1 

7.6 

H 

0.600 

1.000 


15.3 

25.4 

L 

0.150 

0.350 


3.9 

8.8 

N 

,4 

3 

1 

4 

Q 

0.005 

0.050 


0.13 

1.27 

S 

0.000 

0.050 


0.00 

1.27 

Z 

0.300 

4 


7.62 

Z 1 

0.400 

4 

10.16 


92SS-4300R3 


NOTES: 

1. Refer to JEDEC Publication No. 95 for Rules for 
Dimensioning Peripheral Lead Outlines. 

2. Leads within 0.005" (0.12 mm) radius of True 
Position (TP) at maximum material condition. 

3. N is the maximum quantity of lead positions. 

4. Z and Zi determine a zone within which all body 
and lead irregularities lie. 


(K) SUFFIX (JEDEC MO-004-AG) 
16-Lead 


SYMBOL 

INCHES 

NOTE 

MILLIMETERS 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.008 

0.100 


0.21 

2.54 

B 

0.015 

0.019 

1 

0.381 

0.482 

C 

0.003 

0.006 

1 

0.077 

0.152 

e 

0.050 TP 

2 

1.27 TP 

E 

0.200 

0.300 


5.1 

7.6 

H 

0.600 

1.000 


15.3 

25.4 

L 

0.150 

0.350 


3.9 

8.8 

N 


16 

3 


6 

Q 

0.005 

0.050 


0.13 

1.27 

S 

0.000 

0.025 


0.00 

0.63 

Z 

0.300 

4 


7.62 

Z 1 

0.400 

4 

10.16 1 
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(K) SUFFIX 
24-Lead 


SYMBOL 

INCHES 

NOTE 

MILLIMETERS 



MIN. 

MAX. 

A 

wm 

BBS 


1.91 

■EEI 

B 


HE3 

1 

0.458 


C 

f «t»Tigl 

wmi 

1 

0.102 

wmi\ 

e 

(B2I2EB 

2 

bhbeqbii 

E 

0.600 

0.700 


T&ZM 

CEB 

H 

1.150 



29.21 

eebb 

L 

gym 

ejktei 


5.72 

8.25 

N 

24 

3 

24 

Q 

■»inkL-e 



0.89 

BEEB 

S 

0.060 

0.110 

1 


msm 

Z 

0.700 

4 

17.78 

Zi 

0.750 

4 

19.05 


92CS-19949R2 

(K) SUFFIX 
28-Lead 





MILLIMETERS | 

I2K9 


MIN. 

MAX. 

A 

KBS 



1.91 

3.04 

B 

mm 

EES1 

i 

0.458 

0.558 

C 



1 

0.102 

0.177 

e 

0.050 TP 

2 

1.27 TP | 

E 




15.24 

17.78 

H 


KEE3 


29.21 

34.29 

L 

msa 

(22231 


5.72 

8.25 

N 


3 

28 I 

Q 


(333 


0.89 

1.77 

S 

PI 

(333 

i 

0 

1.53 

■JB 

0.700 

4 

17.78 

mUm 

0.750 

4 

19.05 
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Timekeeping Advances 
Through COS/MOS Technology 


by S.S. Eaton 

Most COS/MOS timing circuits consist of three basic 
parts: an oscillator, or main timing standard; some digital 
processing logic, usually in the form of frequency-dividing 
circuits; and logic-circuit drivers for mechanical or electrical 
output devices controlled by the digital processing logic. The 
oscillator is perhaps the most important because the accuracy 
of the total COS/MOS timing system is entirely dependent 
upon the accuracy of the oscillator. This Note discusses basic 
oscillator design considerations, practical COS/MOS oscil- 
lator circuits, and some typical COS/MOS timing-circuit 
applications. 

BASIC OSCILLATOR DESIGN CONSIDERATIONS 

A basic oscillator circuit consists of an amplifier and a 
feedback section, as shown in Fig. 1. For oscillation to occur, 
the gain of the amplifier times the attenuation of the 
feedback network must be greater than one. In addition, the 
total phase shift through the amplifier and feedback network 
must be equal to n times 360 degrees, where n is an integer. 
These conditions imply that oscillations occur in any system 
in which an amplified signal is returned in phase to the 
amplifier input after being attenuated less than it was 
originally amplified. In such a system, any noise present at 



Fig. 1- Basic oscillator circuit. 


the amplifier input causes oscillation to build up at a rate 
determined by the loop gain, or a|3 product, of the over-all 
circuit. 

The frequency stability of an oscillator is primarily 
dependent upon the phase-changing properties of the 
feedback network. For high stability, quartz crystals and 
tuning forks are commonly used as feedback network 
elements. The quartz crystal is the more popular because of 
its higher Q or greater inherent frequency stability. 

Selection of Crystal Operating Mode 

Fig. 2 shows the equivalent circuit of a quartz crystal, 
and Table I lists typical component values of the elements 
included in the equivalent circuit for different crystal cuts 
and operating frequencies. The basic circuit can be resolved 
into equivalent resistive (R e ) and reactive (X e ) components. 
Fig. 3 shows curves of these components as functions of 
frequency for a typical 32.768-kHz crystal. Fig. 3(b) shows 
two points at which the crystal appears purely resistive, (i.e., 
points at which Xe = 0). These points are defined as the 
| resonant (f r ) and antiresonant (f a ) frequencies. Series- 
I resonant oscillator circuits are designed to oscillate at or near 
'f r . Parallel-resonant circuits oscillate between f r and f a , 
depending upon the value of a parallel loading capacitor, as 
discussed later. In contrast to series-resonant circuits, parallel 
resonant-circuits work best with amplifiers that have high 
input impedances. The parallel-resonant circuit, therefore, is 
most applicable to crystal oscillators that employ COS/MOS 
amplifiers. ^ 


Feedback-Circuit Configuration 

A feedback circuit suitable for use with a parallel- 
resonant oscillator circuit is shown in Fig. 4. This circuit, 
known as a crystal pi network, is intended for use after an 
amplifier that provides a 180-degree phase shift. The pi 
network is designed to provide the additional 180-degree 
phase shift required for oscillation. The phase angle for this 
type of feedback circuit is extremely sensitive to a change in 
frequency, a condition necessary for stable oscillation. If the 
equivalent resistance of the crystal were in fact zero (infinite 
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Fig. 2— Equivalent circuit for a quartz crystal. 


Table I — Typical Component Values for Common Cuts 
of Quartz Oscillator Crystals 


FREQUENCY 

32 kHz 

280 kHz 

525 kHz 

2MHz 

Cut 

XY Bar 

DT 

DT 

AT 

R s (ohms) 

40K 

1820 

1400 

82 

L(Hy) 

4800 

25.9 

12.7 

0.52 

C^ (pF) 

0.00491 

0.0125 

0.00724 

0.0122 

C 0 (pF) 

2.85 

5.62 

3.44 

4.27 

C 0 /Ci 

580 

450 

475 

350 

Q 

25000 

25000 

30000 

80000" 


Q), a change in the phase angle of the feedback circuit would 
not cause any change in oscillator frequency; the frequency, 
therefore, would be insensitive to any phase change in the 
amplifier. Though practical crystals allow only a slight 
change in frequency for large variations in phase angle, the 
amplifier phase angle should, to the extent possible, be made 
independent of temperature and supply -voltage variations in 
order to minimize the phase compensation required of the 
feedback network. Any required phase compensation will, of 
course, dictate a corresponding change in the frequency of 
oscillation consistent with practical values of crystal Q. For 
this reason, the equivalent resistance of the crystal should be 
maintained as low as possible, and the amplifier should be 
designed to roll off at frequencies greater than the crystal 
frequency. 

Oscillator Amplifier 

Fig. 5 shows a COS/MOS amplifier circuit that may be 
used to provide the amplification function in a crystal- 
controlled oscillator. The amplifier is biased so that the 
output voltage Vout is equal to the input voltage Vjn or 
typically is equal to one-half the supply voltage Vdd> (i-e., 
VoUT = VlN = Vdd/ 2). Biasing is accomplished by means 
of a resistor that has a value high enough to prevent loading 
of the feedback network, yet that is low in comparison to 
the amplifier input resistance. Resistor values of 10 to 500 
megohms will satisfy these criteria; however, lower values in 
the order of 15 megohms are generally used to allow greater 
input leakage without any severe change in bias point. The 
gain of the amplifier varies with supply voltage, the size of 
the n- and p-channel MOS transistors, and the sum of the 
threshold voltages of the n- and p-channel transistors. When 
an oscillator amplifier is designed to roll off at frequencies 
greater than the crystal frequency, care must be taken to 


assure that the transistor sizes are large enough for the 
particular supply voltage used and range of threshold voltages 
expected. For any circuit, though, the sum of the threshold 
voltages of the n- and p-channel transistors must always be 
less than the supply voltage. 

The oscillator amplifier governs, to a certain extent, the 
selection of the components for the feedback network. The 
amplifier current consumption is strongly dependent upon 
the attenuation across the feedback network. As the 
attenuation becomes greater, the signal at the amplifier input 
becomes smaller, which, in turn, increases the amplifier 
current consumption. Large voltage swings at the amplifier 
input cause little current to flow because the resistance of 
either the n- or p-channel transistor is high during a large 
portion of the cycle. On the basis of power considerations, 
it is best to design the feedback network for a small attenu- 
ation. 




Fig. 3— Impedance characteristics of a quartz oscillator 
crystal : (a) equivalent crystal resistance as a 
function of frequency; (b) equivalent crystal 
reactance as a function of frequency. 


92CS- 20503 

Fig. 4- Crystal pi-type feedback network. 



Fig. 5— COS/MOS amplifier. 
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Equivalent Crystal Resistance 

The equivalent resistance R s ol the crystal should be 
maintained as small as possible in order to obtain minimum 
attenuation across the feedback network. For any given 
circuit, the oscillator current always increases with a rise in 
crystal resistance. This factor and stability considerations 
provide strong arguments for the purchase of crystals that 
have low series resistance, although the usual cost tradeoffs 
prevail. 

Crystal Load Capacitance 

Another factor that influences the over-all power 
consumption is the size of the pi-network capacitor at the 
amplifier output. For minimum current consumption, this 
capacitor, obviously, should be kept small. This condition, 
however, does not always imply high frequency stability. The 
choice of the capacitor value first involves a determination of 
the over-all crystal load capacitance. The phase angle of the 
feedback network approaches 180 degrees when the crystal 
equivalent reactive component Xe is equal to the reactance 
(XCL) °f a capacitor placed in parallel with the crystal. 
Fig. 4 shows that the effective capacitance across the crystal 
consists of the two pi-network capacitors in series. If the 
value of the equivalent reactance X e at the crystal frequency, 
as may be determined from Fig. 3(b), is equal to the value of 
the crystal load capacitance Cl , then the equivalent value 
of the two series-connected pi-network capacitors can be 
calculated from the following relationship: 

C L =l/cjXe (1) 

The value of the load capacitance Cl. in general, is chosen 
first, and the crystal manufacturer is required to cut the 
crystal to oscillate at the desired frequency for the specified 
value of load capacitance. 

The choice of a load capacitance is important in terms of 
over-all power consumption and frequency stability. Higher 
values of Cl generally improve frequency stability, but also 
increase power dissipation. The timing industry presently 
seems to have standardized on values of Cl between 10 and 
20 picofarads. 

The choice of the total equivalent load capacitance Cl 
only fixes the series sum of the two pi-network capacitors. 
The individual capacitors themselves can be found from the 
following equations: 


C T = 407(1 -5fReCL) 

(2) 

Cs = 4 Cl/( 3 + 5fR e C L ) 

(3) 


The actual value of Cs used in the feedback circuit 
should be about 3 picofarads less than the calculated value to 
allow for the amplifier input capacitance. The value of the 
amplifier output capacitor Cj should not normally be fixed. 
A trimmer capacitor should be. placed in parallel with, or 
used in place of, a fixed output capacitor to allow for 
variations in stray capacitance and circuit components. The 
mid-range value of the output capacitor combination should 
be equal to the calculated value of Cj. 


Frequency-Trimming Capability 

The required capacitance range for the oscillator trimmer 
capacitor is determined by the variation in oscillation 
frequency with a change in load capacitance. ^ The total 
frequency-trimming range of a crystal-controlled oscillator 
circuit is mainly a function of the crystal characteristics, or 
more explicity ,' is inversely proportional to the slope of the 
crystal reactance curve, shown in Fig. 3(b). The slope of this 
curve is a function of the difference between the resonant 
frequency f r and the antiresonant frequency f a . This 
frequency difference, in turn, is a function of the crystal 
capacitance ratio C 0 /C i , where C 0 and C i are the inherent 
shunt and series capacitances, respectively, of the crystal 
structure, as shown in Fig. 2. The slope of the reactance 
curve is also a function of the total external crystal load 
capacitance Cl- As shown in Fig. 3(b), this slope decreases as 
the equivalent reactance increases, (i.e., for smaller values of 
the capacitance Cl). Fig. 6 and Table 11 show trimming-range 
data for a typical 32.768-kHz crystal that has a capacitance 
ratio C 0 /Ci of 580. These data show that smaller values of 
load capacitance result in greater trimming-range capability. 


Temperature Stability 

Another important oscillator consideration is tempera- 
ture stability. Most crystals have a negative parabolic 
temperature coefficient. ^ Fig. 7 shows a typical curve of the 
variation in crystal frequency as a function of temperature 
The frequency of the total oscillator circuit also exhibits a 
similar temperature dependence. Temperature compensation 
of the over-all oscillator circuit can be achieved by use of a 
capacitor that has a positive parabolic temperature coef- 
ficient in the pi feedback network.-* For comparison, Fig. 7 
also shows a typical resultant curve for the over-all circuit. 

The temperature characteristics of a crystal are deter- 
mined to a large extent by the crystal cut. Popular 
low-frequency cuts include the NT and XY Bar. The XY Bar 
is the more popular of the two types because it can be made 
smaller for a given Q and is easier to trim. The disadvantage 
of a slightly lower shock resistance of XY Bar crystals is 
compensated by the superior aging chacteristics of this type. 



92C3- 20499 

Fig. 6- Frequency as a function of toad capacitance for a 
typical 32 kHz crystal. 


AT-cut crystals, when used at frequencies greater than 1 MHz, 
are characterized by excellent temperature stability and 
ruggedness. Temperature characteristics for this type of 
crystal cut as well as for the XY Bar and NT types are shown 
in Fig. 8. 

Crystal Dimensions 

Size is also an important consideration in the design of 
oscillator crystals. The length of quartz required for any 
given cut is inversely proportional to the square root of 
frequency. Dimensions for a typical packaged 32-kHz, XY 
Bar crystal are 0.6 inch by 0.2 inch by 0.11 inch. The 
smallest XY Bar crystals currently available have dimensions 
in the order of 0.53 inch by 0.2 inch by 0.1 1 inch. A 1-MHz 
AT-cut crystal is significantly larger; however, dimensions 
again decrease with frequency. Crystal manufacturers are 
currently working to develop wristwatch-size AT-cut crystals 
with the anticipation of circuit improvements that will allow 
low-current operation at high frequencies. 

Crystal Shock Resistance and Aging Rate 

A prime concern of the timing industry today is that of 
crystal shock resistance and aging. The aging of a crystal 
results primarily from aging of the mounting material rather 
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Fig. 7- Effect of temperature on crystal frequency. 
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92CS-205I0 

Fig. 8 - Frequency-temperature characteristics for various 
crystal cuts: (a) XY-Bar and NT cuts; (b) A T cut. 


than from aging of the quartz itself. The mounting material 
enters into the crystal equivalent circuit, and the slowest 
aging rate results when the mount consists of the least 
amount of supporting material. This condition of course, 
results in lower shock resistance, and an optimum trade-off 
r;:’;t be achieved. At present, 32-kHz crystals can be made 
that can withstand a mechanical shock of about 1500 G’s 
applied for 0.5 millisecond and that have aging rates that 
• 'suit in a frequency change of 2 to 5 parts per million for 
the first year and essentially no aging thereafter. Any 
mechanical or thermal shock, however, will interrupt the 
normal aging process. The aging rate of 2 to 5 parts per 
million presently appears acceptable to the timing industry, 
although shock resistances of 3,000 to 5,000 G’s- are desired. 
This shock level corresponds approximately to the shock 
experienced by dropping the crystal from a height of one 
meter onto a hardwood floor. 


Table II - Trimming Data for a Typical 32-kHz 
Quartz Oscillator Crystal 



LOAD CAPACITANCE, CL | 

TRIM 

5 pF 

11.5 P F 

20 pF 

32 pF 

± 20 PPM 

-0.45 

pf 

+0.51 

-1.6 

pf 

+2.0 

-3.7 

Pf 

+5.5 

-8.0 

Pf 

+14.7 

± 25 PPM 

-.55 

pf 

+.65 

-1.9 

pf 

+2.6 

-4.5 

Pf 

+7.3 

-9.4 

Pf 

+20.5 

± 30 PPM 

-0.66 

pf 

+0.79 

-2.3 

pf 

+3.3 

-5.2 

Pf 

+9.3 

-10.7 

Pf 

+27.9 


PRACTICAL OSCILLATOR CIRCUITS 

The basic amplifier, feedback-network, and crystal 
considerations discussed in the preceding paragraphs can be 
combined in the design of COS/MOS oscillator circuits. In 
the circuits, the crystal selected has an equivalent resistance 
R e of 50 kilohms and is cut to operate at a frequency of 
32.768 kHz with a load capacitance Cl of 10 picofarads. The 
values of pi feedback-network capacitors Cj and Cs can be 
calculated by use of Eqs. (2) and (3) as Cj. = 43 picofarads 
and Cs = 13 picofarads. The value of the feedback-network 
resistance R can be calculated as follows: 

(3Xe + 0.27 R e ) (X e - 0.8 R e ) 

R = __ 

* i Mn 
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This value is the maximum value of resistance allowd for a 
minimum feedback-network attenuation of 0.75, a value 
chosen on the basis of power and stability considerations. * 
The calculated value of R includes any fixed resistance plus 
the amplifier output resistance. Because the output resistance 
is often appreciable and varies with supply voltage, transistor 
size, and threshold voltages, it is generally best to add 
resistance experimentally until the desired power consump- 
tion and frequency stability are reached. The effect of this 
resistance on operating current and frequency stability can 
be predicted front data given in Table III for the three 
different COS/MOS crystal oscillator circuits shown in Fig. 9. 
In each circuit, the pi-network capacitors Cj and Cs are 39 
picofarads and 10 picofarads, respectively. These capaci- 
tances are slightly less than the calculated values because of 
stray and amplifier capacitances. 

The circuit shown in Fig. 9(a) combines the amplifier and 
feedback circuits shown in Fig. 4 and 5. Although theory 
predicts that an increase in the values of the feedback- 
network resistor R will result in increased frequency 
stability, the circuit performance data given in Table III show 
no significant improvement in this characteristic. This result 
indicates that the circuit instability can be attributed almost 
entirely to phase instabilities of the amplifier. This assump- 
tion is verified by data taken from the circuits shown in 
Figs. 9(b) and 9(c) in which the required feedback-network 
resistance is incorporated into the amplifier as a fixed value. 
The resistors essentially fix the amplifier phase shift so that 
greater stability results. As the data show, use of these 
resistors also results in a decrease in the total current 
consumption. Because of the two fixed resistors, ihe circuit 
of Fig. 9(b) shows the least current consumption and also the 
greatest stability. 


Table III — Typical Oscillator Data 


Circuit 

Value of 

R («) 

Vdd 

(Volts) 

Current 

(fiA) 

Frequency 

Stability 

V D d = 1-45V 
to 1.6V 

9(a) 

0 

1.60 

4.0 

2.8 


0 

1.45 

3.1 


100K 

1.60 

3.1 

2.6 



1.45 

2.4 


200K 

1.60 

2.9 

2.6 

" 

" 

1.45 

2.1 

9(b) 

100K 

1.60 

2.3 

.3 



1.45 

2.0 



1.1 

1.5 


150K 

1.60 

1.8 

.2 



1.45 

1.6 



1.1 

.95 

9(c) 

200 K 

1.60 

5.0 

.6 



1.45 

4.4 


300K 

1.60 

3.5 

.5 



1.45 

3.0 


As mentioned previously, the amplifier feedback resistor 
should not significantly load the crystal feedback network. 
The resistor value at which loading begins to occur can be 
determined from a curve of circuit operating frequency as a 
function of feedback resistance. Fig. 10 shows such a curve 
for the circuit shown in Fig. 9(b). This curve indicates that 
15 megohms is a suitable value for the feedback resistor. 


FREQUENCY DIVIDERS 

Because of restrictions on crystal size and cost, oscillator 
frequencies of 8192 Hz, or higher, are generally used for 
electronic timing circuits. The use of such high crystal 
frequencies usually requires division of the oscillator fre- 
quency to a more convenient value. Synchronous motors, for 
example, are often driven by frequencies between 0.5 Hz and 
64 Hz. Numeric readouts for digital clocks or wristwatches 


require pulses at least every second, minute, and hour. The 
necessity for frequency division becomes clear if one 
considers the wide variety of timing intervals that may be 
required for certain applications. 

The basic frequency -dividing circuit, shown in Fig. 11, 
consists of a master-slave D-type flip-flop connected as a 
binary counter stage. N stages may be cascaded with the final 
output frequency equal to 2~N times the input frequency. 
Division by integers other than powers of 2 can also be 
accomplished by use of gating techniques. For example, a 
dividc-by-60 counter implemented as shown in Fig. 1 2, can 
be used to obtain minutes from seconds. 


J' 


Hil 


32 768 

— of— 



Fig. 9- Typical COS/MOS crystal-oscillator circuits. 



AMPLIFIER FEEDBACK RESISTANCE <R f 1- MEGOHMS 

9ZCS-Z0494 

Fig. 10— Oscillator frequency as a function of amplifier 
feedback resistance. 



(b) AN OPEN CIRCUIT WHEN CONTROL INPUT I IS’HIGH" 
AND CONTROL INPUT 2 IS "LOW" 

92CS- Z05II 

Fig. 1 1— Basic frequency-dividing stage. 


A basic block diagram of a typical digital clock that 
employs divide-by-60 counters is shown in Fig. 13. The 
display for the clock is designed to be multiplexed in that 
new information is provided to only one of the six readout 
characters, while the eye itself holds the previous state of the 
other five. The multiplexing unit consists of COS/MOS 
transmission gates controlled by a six-stage ring counter that 
also addresses each character sequentially. This type of 
circuit is particularly applicable for driving light-emitting 
diode displays. 

Light-emitting diodes, as well as other readout devices, 
require some form of driving circuitry which is often unique 
to the driven device. Other typical readout devices include 
stepping motors, balance-wheel motors, tuning-fork motors, 
and liquid-crystal displays. 

Motors are frequently driven by low-impedance MOS 
transistor drivers. The waveforms required depend upon the 
particular type of motor. Rotary stepping motors require a 
pulsed waveform such as that shown in Fig. 14(a). The motor 
advances one position (for example 180 degrees) on each 
pulse. Fig. 14(b) shows a COS/MOS circuit that may be used 
to generate this type of waveform. The crystal frequency and 
the number of countdown stages for this circuit determine 
the pulse frequency. The duty factor is controlled by two 
resettable flip-flops that are clocked inversely by the last 
counting stage and reset by an intermediate stage. The 
output waveform from this circuit will have a duty factor 
that is exactly given by 2 * ~ 1 ~ N where 1 is the number of 
the intermediate stage used to reset the shaping flip-flops and 
N is the total number of frequency-divider stages. 

A tuning-fork motor consists of two coils wired in series 
and wound on either side of the fork. A subdivision of the 
crystal frequency drives the coils which electromagnetically 
vibrate the fork. The fork can be linked to an index wheel 
that, in turn, can drive the hands of a watch. 

A balance-wheel motor consists of a coil fixed near the 
periphery of a pivoted balance wheel. Permanent magnets are 
attached to one side of the wheel and counterweights to the 
other. The coil can be energized by pulses supplied to the 
gate of an n-channel MOS transistor with the coil connected 
between the drain and the supply voltage of the transistor. 
When the coil is energized, the balance wheel swings toward 
the coil. The momentum of the wheel moves it beyond the 
coil, and spring action then forces it back. Repeated cycles 
generate a back-and-forth type motion which can be linked 
to a wheel for driving the hands of a watch or clock. 

Seven-segment liquid-crystal numerals can be driven as 
shown in Fig. 15. An ac voltage is required across each 
segment of the display to assure long life. For this purpose, a 
60-Hz squ'are wave is applied to one input of each of seven 
exclusive-OR gates. The logic state present at the other input 
determines whether the segment will transmit or scatter light. 

Liquid-crystal displays can be made for operation in 
either transmissive or reflective modes. The transmissive- 
mode type requires a light source behind the display. The 
light will either be transmitted or not depending upon the 
voltage across the segment. In the reflective-mode type, 
ambient light can be scattered by the liquid crystal material, 
or reflected from a mirrored surface placed behind the 
numeral. If displayed correctly, excellent contrast between 
“on” and “off’ segments can be obtained when reflecting or 
scattering only ambient light. 

The light scattering property of liquid-crystal displays 
offers two major advantages. First, the problem of washout in 
high intensity light is prevented. Washout has always been a 
problem with light generating displays. Second, because the 
displays do not generate light, they require negligible power. 
In fact, liquid crystals require the least amount of power of 
any currently available type of display/* 

Light-emitting diodes are somewhat simpler to drive than 
liquid crystals because signals to individual segment and/or 
numerals can be easily multiplexed. Fig. 16 shows a typical 
multiplexed driving circuif. The n-p-n transistor, which is 
common to the cathode of all segments in each numeral, can 
be turned on to address only one particular numeral. The eye 
will hold the reading from all off segments long enough for at 
least six numerals to be multiplexed. 
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Fig 12- COS/MOS divide-by-60 counter. 
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Fig. 13- Typical COS/MOS digital clock. 


REQUIRED DRIVING WAVEFORM 
ACROSS STEPPING MOTOR 




Wristwatches 

In any wristwatch application, size and total operating 
current are perhaps the two most important considerations. 
The total timing circuitry, together with the battery and 
readout device, must fit into a relatively fixed size and have a 
current consumption small enough to allow at least one year 
of life. Size and power considerations also become important 
in crystal selection. The size and cost of a crystal decreases 
with increases in frequency up to about 1 MHz. The power 
consumption of the oscillator and counter increases with 
frequency. On the basis of these considerations, the most 
popular crystal frequency for wristwatches at present is 
32.768 kHz. Typical packaged sizes for this crystal and 
various available crystal oscillator circuits were discussed in 
an earlier section of this Note. 

The choice of a readout device also involves considera- 
tions of size and power as well as, of course, marketing 
considerations. If conventional-hand movements are chosen, 
a motor type of drive must be selected. No great size 
advantage exists over any of the various motor types used in 
this type of application. In addition, ail types can be 
designed to operate from 1.1 to 1.6 volts with average 
current consumptions of about 10 microamperes. Sensitivity 
to vibration, however, is one separating characteristic. 
Although balance-wheel motors can be designed to compen- 
sate to a certain extent for speed variations produced by 
vibrations, the stepping motor, which is insensitive to 
vibration, remains superior in this respect. At present, 
however, the stepping motor is the more expensive of the 
two types. 

Light-emitting diodes require a minimum of two battery 
cells for proper operation. The required current can be kept 
to about 2 milliamperes per segment when the diodes are 
pulsed from a six-stage ring counter, as shown in Fig. 13. A 
duty factor of 16 per cent is achieved with this arrangement. 
Because of the high current, however, a continuously 
operating battery-powered display is not possible, and a 
“readout on demand” watch is then necessary. 

Continuously operating liquid-crystal displays are 
possible and practical. RCA wristwatch displays employ 
liquid-crystal material having resistivities of about 5 x 1()9 
ohms per centimeter, which at a 0.5-mil spacing results in a 
resistance of 6.3 megohms per square centimer. With all 
segments energized, the display consumes only about 1 
microampere of current at 1 5 volts. Liquid crystals, however, 
require a minimum supply of 1 2 volts to assure good contrast 
between on and off segments. For single-cell operation, a 
dc-to-dc converter must be used to step the voltage up to the 
required 12-to- 15-volt level. Transformer and capacitor 
voltage-doubling circuits with conversion efficiencies of 
about 75 per cent are typically used for this purpose. 

Because current consumption is such an important 
consideration for wristwatch circuits, the careful considera- 
tion given to the choice of a battery is easily understood. 
Small silver-oxide and mercury cells are presently popular for 
wristwatch use. Pertinent information on these types of 


T . 

a n 

«• t 2 . 


n 


D 


J"L 


T '* T ' N ' 2l ’( b , T2 ' T|N,2N 92O-20499 

Fig. 14- Generation of required stepping-motor waveforms: fa) required driving 
waveform across stepping motor; ( b ) COS/MOS driving circuit and output 
waveforms applied to motor control winding. 


COS/MOS TIMING-CIRCUIT APPLICATIONS 

The choice of a readout device depends, of course, upon 
the application involved and to a certain extent upon the 
individual characteristics of the device itself. Special 
considerations for readout devices are perhaps best treated in 
a discussion of special requirements for three important 
timing-circuit applications, namely, wristwatches, wall 
clocks, and automobile clocks. 
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Fig. IS— COS/MOS liquid-crystal driving circuit. 
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Fig. 16- Multiplexing driving circuit for light-emitting diodes. 


Mallory cells is shown in Table IV. Most of the cells listed 
will last at least one year with a motor current of 10 
microamperes and a total oscillator and divider current less 
than 5 microamperes at an oscillator frequency of 32.768 
kHz. The voltage for both types of cells is relatively constant 
during the active life listed and falls off rapidly thereafter. 
Typical end-of-life voltages at 1.1 volts for mercury cells and 
1.45 volts for silver-oxide cells. Either type of cell works 
equally well with RCA silicon-gate COS/MOS circuits which 
operate from supply voltages as low as 1 .1 volts. 

Wall Clocks 

Size and power limitations for clocks are not as 
restrictive as those for wristwatches. For this reason, 
lower-cost, higher-frequency crystals may be used. The 
optimum range of crystal frequencies presently appears to be 
from 1 3 1 kHz to 524 kHz. All the oscillator considerations 
given previously for operation at 32 kHz apply equally well 
to this higher frequency range. The oscillator circuit 
configuration shown in Fig. 9(b) is still the optimum type; 
however, the value of the source resistors must be decreased 
to assure adequate gain at the higher frequencies. Source 
resistors are often best chosen experimentally by gradually 
increasing the resistance until an output voltage swing of 30 
to 70 per cent of the supply voltage Vdd is reached. Data 
taken from a typical 262-kHz oscillator circuit that employs 
two 10-kilohm source resistors and a DT-ciit, 262-kHz crystal 
are shown in Table V. The table also shows typical counter 
current. 

The most popular readout devices for clocks are 
conventional-hand movements and liquid-crystal displays. 
Continuously operating light-emitting-diode numerals con- 
sume too much current even for long life of C- and D-size 
batteries. In contrast, a typical RCA four-digit liquid-crystal 


.Table IV — Typical Data for Mallory Watch Cells 


- 1 

Type 

Voltage 

Capacity 
pA yrs. 

Height 

(in.) 

Diameter 

(in.) 

WH3 

1.35 

25 

0.208 

0.455 

WS 14 

Type A 

1.55 

19 

0.210 

0.455 

W4 

1.35 

11 

0.139 

0.455 

WS11 

1.55 

11 

0.164 

0.455 

10 R 101 
(EXP) 

1.35 

35 

0.190 

0.610 

10 L 19 
(EXP) 

1.55 

27 

0.190 

0.610 

WD4 

1.36 

14 

0.149 

0.594 

WD5 

1.36 

23 

0.110 

1.003 


display having a 0.4-inch-by-0.6-inch numeral consumes only 
100 microamperes of current with all segments energized. 

Motors for driving the clock hands are typically of the 
balance-wheel or continuously rotating synchronous types. 
Sensitivity to vibration is usually not a restriction; hence, the 
balance wheel motor can be successfully used in place of the 
more expensive stepping motor. Clock motors typically 
require about 300 to 450 microwatts of power, or average 
currents of 200 to 300 microamperes at 1.5 volts. 

These currents, together with the oscillator and counter 
currents given in Table V, can now be compared with 
typical battery capacities. Battery information extrapolated 
from published Eveready data on popular AA-, C-, and D-size 
cells is listed in Table VI. 5 Most of the battery current is 
consumed by the motor, and if a total current of 250 
microamperes is assumed, the data show a carbon-zinc C cell 
as the minimum size battery required for one year of life. 

Auto Clocks 

Auto clock circuits are somewhat unique in that power 
considerations are not nearly as restrictive as in other 
portable applications. Although the low-power feature of 
COS/MOS circuits is helpful, the main advantages obtained 


Table V — Typical Data for 262-kHz Oscillator 
and Counter Circuits 


Product 

Vdd 

(Volts) 

Oscillator 

Current 

ipA) 

Counter 

Current 

(pA) 

Freq. 

Stability 

(ppm) 

Silicon-Gate 

1.1V 

7 

7 

2.0 ppm 

1.4 

1.2 


1.3V 

- 9.5 

9 


1.5V 

11.5 

10 


1.6V 

12.5 

11 

Low-Voltage 

2.2V 

21 

10 

1.8 


3.0 V 

35 

13 


from the use of COS/MOS in automobile clocks, or in any 
automotive application, are those of wide operating voltage 
and temperature range and high noise immunity. 

With little restriction on power, the choice of a crystal 
depends mainly on cost. Crystals typically used for auto- 
mobile timing applications are AT-cut types that operate at 
frequencies between 1 MHz and 4.2 MHz. The oscillator 
considerations discussed earlier also apply to these frequen- 
cies; however, as the frequency increases, it becomes 
increasingly difficult to maintain a low starting voltage at a 
low current. At high frequencies, the starting voltage and 
current are inversely proportional and are controlled mainly 
by the values of the capacitors on the pi-type feedback 
network and the size of the COS/MOS amplifier transistors. 


Table VI - Life Data for Typical Batteries 


Eveready 

Type# 

Mallory 

Type# 

Size 

Type 

Life 

(Days) 

915 

M15F 

AA 

Carbon- 

Zinc 

150 

E91 

MN1500 

AA 

Alkaline 

200 

935 

M14F 

C 

Carbon- 

Zinc 

385 

E93 

MN1400 

C 

Alkaline 

575 

950 

M13F 

D 

Carbon- 

Zinc 

800 

E95 

MN1300 

D 

Alkaline 

1100 


All life data assumes a continuous drain of 250 pA and an 
end-of-life voltage of 1.1V. 


For minimum starting voltage, relatively small capacitors 
should be used in the pi-feedback network, and no source 
resistors should be added to the amplifier. As indicated by 
data taken on the circuit shown in Fig. 9(b) and shown in 
Table VII, low power can still be maintained even when the 
source resistors are not used. 


Table VII — Typical High-Frequency Data for 
COS/MOS Oscillator and Counter 
Circuits (Low-Voltage Product) 


Vdd 

(Volts) 

Freq. 

(MHz) 

Oscillator 

Current 

(mA) 

Counter 

Current 

(mA) 

Motor 

Current 

(mA) 

5 

1 

0.28 

0.125 

5V 

12 

1 

1.3 

0.275 

2-5 mA 

5 

2 

0.37 

0.250 

12V 

12 

2 

1.5 

0.550 

5-10 mA 

5 

3 

0.40 

0.375 

5V 

12 

3 

1.9 

0.825 

3-8 mA 

5 

4 

0.43 

0.500 

12V 

12 

4 

2.3 

1.1 

8-20 mA 


The upper limit of the crystal frequency depends not so 
much on power consumption as on the minimum supply 
voltage allowed for circuit operation. The minimum auto- 
mobile battery voltage is generally considered to be 5 volts; 
however, the supply voltage for the timing circuit can be 
considerably less than this value depending upon the design 
of the transient protection circuit, as discussed later. Table 
VIII lists minimum COS/MOS supply voltages for typical 
oscillator circuits. The values shown permit design at two 
temperatures. The lower temperature is often considered 
adequate by auto companies with the opinion that the 
minimum battery voltage of 5 volts rarely, if ever, occurs at 
high temperatures. 

The oscillator in a typical auto clock circuit is followed 
by a number of frequency-dividing stages, the last stage of 
which is frequently used to drive a motor. Long counter 
chains are required because of the high oscillator frequency; 
however, the power dissipation of COS/MOS circuits is so 
low that the number of stages is only restricted by chip size 
limitations. Because COS/MOS circuits consume current only 
during switching transitions, each counter stage averages 
one-half the current of the previous stage. The first counter 
stage, therefore, consumes as much current as all of the 
following stages combined for a counter of infinite length. 
Little difference, then, exists between the power consump- 
tion of a ten-stage or thirty-stage COS/MOS counter. Table 
VII lists, in addition to the oscillator current, typical values 
of counter current, as well as some typical ranges of peak and 
average motor currents. 
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Current data, such as that shown in Table VII, are 
necessary for a proper design of the transient protection 
circuit, an essential part of any automobile digital logic 
system. Automobile manufacturers disagree on the maximum 
amplitude and decay of transient voltage; however, values 
often used are maximum transients of +120 volts and —90 
volts, each decaying exponentially with a maximum time 
constant of 45 milliseconds. Because standard COS/MOS 
circuits are rated for a maximum supply of 15 volts, a 
protection circuit must be included between the battery and 
the COS/MOS logic. 


Table VIII — Minimum Operating Voltages for 
COS/MOS Integrated Circuits 



Low-Voltage Product 

Silicon-Gate Product 

Freq. 

(MHz) 

1 

2 

3 

4 

1 

2 

3 

4 

Min. 
Voltage 
at 25°C 

2.9 

3.1 

3.5 

4.0 

1.6 

2.0 

2.6 

3.0 

Min. 
Voltage 
at 82°C 
180°F 

3.0 

3.3 

4.0 

5.0 

1.8 

2.6 

3.4 

4.0 


Fig. 17 shows a transient-voltage protection circuit that is 
frequently used. The zener diode regulates the voltage supply 

for the clock circuits, and the capacitor and series diode 
prevent timing losses during negative transients. For mini- 
mum zener current during transients, the maximum value of 
R should be based on the minimum circuit operating voltage 
and the peak current drawn by the logic circuit and motor at 
the minimum battery voltage. The minimum zener break- 
down voltage is then determined by subtraction of the 
product of the minimum current drain at the normal battery 
voltage and the value of R just chosen from the battery 
voltage. A zener breakdown greater than this voltage assures 
that no unnecessary current will be drawn by the zener 
during normal automobile operation. 
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Fig. 17— Automobile transient-protection circuit. 


Another important zener characteristic is dynamic 
impedance. During a current surge, the voltage across the 
zener must not rise to a damaging level. A value of 22 volts 
for the 45-millisecond time constant appears safe for 
standard COS/MOS circuits. 


In the design of a typical transient-voltage protection 
circuit, it is assumed that the minimum battery voltage is 5 
volts, that the minimum circuit operating voltage is 3.5 volts 
at a crystal frequency of 3.145728 MHz, and that a peak 
current of 3 milliamperes is obtained at 5 volts. The value of 
the resistance R is then found as (5 - 3.5 + 0.7)/3»250 
ohms. With a minimum current of 5 milliamperes at 12 volts, 
the minimum zener voltage becomes 12 - 5(0.250) = 1 1.75 
volts. For a + 120-volt transient, the zener could then 
consume a peak current of (120 - 11.8)/250 = 0.4 ampere. 
For a maximum zener voltage of 13 volts, the dynamic 
impedance of the zener must be less than (22V - 13V)/.4A = 
22 ohms. Components chosen in this manner will provide 
adequate protection for anticipated transients. 

Both protection-circuit diodes can be integrated onto the 
COS/MOS chip. When located as shown in Fig. 17, the series 
diode need only have a breakdown rating of about 12 volts. 
Zener diodes that have breakdown ratings of 4.5 to 6.0 volts 
or any multiple thereof can also be integrated onto the 
COS/MOS chip. The breakdown rating can also be increased 
in 0.7-volt steps by addition of forward-biased diodes in 
series. Characteristics of two typical zener diodes integrated 
in series are shown in Fig. 18. Fig. 18(a) shows the area 
around the “knee” of the breakdown region, and Fig. 18(b) 
shows the higher-current region useful for determining the 
dynamic resistance. From the slope of the line, the typical 




Fig. 18- Oscillograph tracings showing characteristics of an 
integrated zener diode: (a) low-current region ; ( b ) 
high-current region. 


dynamic resistance for two diodes is found to be 1 7.6 ohms 
total, or 8.8 ohms per diode. The diodes are rated to 
withstand a 0.5-ampere surge current that decays with an 
80-millisecond time constant. The zener diode, then, is 
compatible with present automobile protection requirements, 
and integration of this component should represent a 
considerable cost saving, especially when integrated with the 
series diode. 

Other Applications 

Although wristwatches and clocks of various types are 
important applications of COS/MOS timing circuits, they are 
certainly not the only timing applications which can benefit 
from the unique features of COS/MOS logic. Applications 
such as fuze timers, feeding systems, automatic sprinklers, 
incubator timers, and other similar systems can be designed 
from information provided on the oscillator and counter 
with only the output device unique to the particular 
application. Automobile applications for COS/MOS circuits 
are almost endless. One can think of speed controllers, digital 
speedometers, miles per gallon indicators, and perhaps even 
estimated-time-of-arrival indicators that, on the basis of the 
given total mileage, would update the time on a dynamic 
basis from information provided by the speedometer, 
odometer, and clock. 


CONCLUSIONS 

The primary advantage of electronic timing circuits over 
conventional mechanical methods of timekeeping lies in the 
greatly increased accuracy permitted by the highly stable 
crystal-controlled oscillator circuit. Although crystal oscil- 
lator circuits have existed for some time, their usefulness in 
portable applications has been somewhat limited because of 
the high current consumption required by the following 
digital logic. The advent of COS/MOS integrated circuits now 
permits the design of complete low-power timing systems. 
The impact of COS/MOS on timing applications is perhaps 
equalled by the recent development of liquid-crystal displays 
and dc-to-dc converters that allow low-power continuously 
operating digital displays. Certainly, no great technological 
barriers now exist for the use of electronic timing circuits in 
a wide variety of applications. The search, no doubt, will 
always continue for the ideal timekeeping device; however, it 
should be apparent from the information presented that the 
ideal timekeeping unit can now be more closely approached 
than ever before. 
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The RCACOS/MOS Phase-Locked-Loop 
A Versatile Building Block for Micro* Power 
Digital and Analog Applications 


INTRODUCTION 

Phase-locked-loops (PLL’s), especially in monolithic 
form, are finding significantly increased usage in signal- 
processing and digital systems. FM demodulation, FSK 
demodulation, tone decoding, frequency multiplication, 
signal conditioning, clock synchronization, and frequency 
synthesis are some of the many applications of a PLL. The 
PLL described in this Note is the COS/MOS CD4046A, 
which consumes only 600 microwatts of power at 10 kHz, a 
reduction in power consumption of 160 times when 
compared to the 100 milliwatts required by similar mono- 
lithic bipolar PLL’s. This power reduction has particular 
significance for portable battery-operated equipment. This 
Note discusses the basic fundamentals of phase-locked-loops, 
and presents a detailed technical description of the COS/ 
MOS PLL as well as some of its applications. 


REVIEW OF PLL FUNDAMENTALS 

The basic phase-locked-loop system is shown in Fig. 1 ; it 
consists of three parts: phase comparator, low-pass filter, and 
voltage-controlled oscillator (VCO); all are connected to 
form a closed-loop frequency-feedback system. 

With no signal input applied to the PLL system, the error 
voltage at the output of the phase comparator is zero. The 
voltage, Vd(t), from the low-pass filter is also zero, which 
causes the VCO to operate at a set frequency, fo, called the 
center frequency. When an input signal is applied to the PLL, 
the phase comparator compares the phase and frequency of 
the signal input with the VCO frequency and generates an 
error voltage proportional to the phase and frequency 



Fig. 1- Block diagram of PLL. 


difference of the input signal and the VCO. The error 
voltage, Ve(t), is filtered and applied to the control input of 
the VCO; Vd(t) varies in a direction that reduces the 
frequency difference between the VCO and signal-input 
frequency. When the input frequency is sufficiently close to 
the VCO frequency, the closed-loop nature of the PLL forces 
the VCO to lock in frequency with the signal input; i.e., 
when the PLL is in lock, the VCO frequency is identical to 
the signal input except for a finite phase difference. The 
range of frequencies over which the PLL can maintain this 
locked condition is defined as the lock range of the system. 
The lock range is always larger than the band of frequencies 
over which the PLL can acquire a locked condition with the 
signal input. This latter band of frequencies is defined as the 
capture range of the PLL system. 

TECHNICAL DESCRIPTION OF COS/MOS PLL 

Fig. 2 shows a block diagram of the COS/MOS 
CD4046A, which has been implemented on a single 
monolithic integrated circuit. The PLL structure consists of a 
low-power, linear, voltage-controlled oscillator (VCO), and 
two different phase comparators having a common signal- 
input amplifier and a common comparator input. A 5.2-volt 
zener is provided for supply regulation if necessary. The VCO 
can be connected either directly or through frequency 
dividers to the comparator input of the phase comparators. 
The low-pass filter is implemented through external parts 
because of the radical configuration changes from application 
to application and because some of the components are 
non-integrable. The CD4046A is supplied in a 16-lead, 
dual-in-line, ceramic package (CD4046AD); a 16-lead, dual- 
in-line, plastic package (CD4046AE); or a 16-lead fiat-pack 
(CD4046AK). It is also available in chip form (CD4046AH). 



Phase Comparators 

Most PLL systems utilize a balanced mixer composed of 
well-controlled analog amplifiers for the phase-comparator 
section. Analog amplifiers with well-controlled gain charac- 
teristics cannot easily be realized using COS/MOS tech- 
nology. Hence, the COS/MOS design shown in Fig. 3 
employs digital-type phase comparators. Both phase com- 
parators are driven by a common-input amplifier configura- 
tion composed of a bias stage and four, inverting-amplifier 
stages. The phase-comparator signal input (terminal 14) can 
be direct-coupled provided the signal swing is within 
COS/MOS logic levels (logic 0<30% (VDD-VSS), logic 
1>70% (VDD-VSS)]. For smaller input signal swings, 
the signal must be capacitively coupled to the self-biasing 
amplifier at the signal input to insure an over-driven digital 
signal into the phase comparators. 


Phase-comparator I is an exclusive-OR network; it 
operates analagously to an over-driven balanced mixer. To 
maximize the lock range, the signal and comparator input fre- 
quencies must have 50-percent duty cycle. With no signal 
or noise on the signal input, this phase comparator has 



Fig. 3— Schematic of COS/MOS PLL phase-comparator 
section. 


an average output voltage equal to VDD/2. The low-pass 
filter connected to the output of phase-comparator I supplies 
the averaged voltage to the VCO input, and causes the VCO 
to oscillate at the center frequency (f 0 ). With phase-com- 
parator 1, the range of frequencies over which the PLL can 
acquire lock (capture range) is dependent on the low-pass-filter 
characteristics, and can be made as large as the lock range. 
Phase-comparator I enables a PLL system to remain in lock in 
spite of high amounts of noise in the input signal. 


One characteristic of this type of phase comparator is 
that it may lock onto input frequencies that are close to 
harmonics of the VCO center-frequency. A second charac- 
teristic is that the phase angle between the signal and the 
comparator input varies between 0° and 180°, and is 90° at 
the center frequency. Fig. 4 shows the typical, triangular, 
phase-to-output, response characteristic of phase-comparator 
I. Typical waveforms for a COS/MOS phase-locked-loop 
employing phase-comparator I in locked condition of f 0 is 
shown in Fig. 5. 



Fig. 4- Phase-comparator l characteristics at 
low-pass filter output. 
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Fig. 5- Typical waveforms for COS/MOS phase- 

locked loop employing phase-comparator / 
in locked condition of f 0 . 


Phase-comparator II is an edge-controlled digital memory 
network. It consists of four flip-flop stages, control gating, 
and a three-state output circuit comprising p and n drivers 
having a common output node as shown in Fig. 3. When the 
p-MOS or n-MOS drivers are ON, they pull the output up to 
Vdd or down to Vgg,, respectively. This type of phase 
comparator acts only on the positive edges of the signal- 
and comparator-input signals. The duty cycles of the signal 
and comparator inputs are not important since positive 
transitions control the PLL system utilizing this type of 
comparator. If the signal-input frequency is higher than the 
comparator-input frequency, the p-MOS output driver is 
maintained ON continuously. If the signal-input frequency is 
lower than the comparator-input frequency, the n-MOS 
output driver is maintained ON continuously. If the signal- 
and comparator-input frequencies are the same, but the 
signal input lags the comparator input in phase, the n-MOS 
output driver is maintained ON for a time corresponding to the 
phase difference. If the signal- and comparator-input fre- 
quencies are the same, but the signal input leads the com- 
parator input in phase, the p-MOS output driver is maintained 
ON for time corresponding to the phase difference. Sub- 
sequently, the capacitor voltage of the low-pass filter con- 
nected to this type of phase comparator is adjusted until the 
signal and comparator input are equal in both phase and fre- 
quency. At this stable operating point, both p- and n-MOS 
output drivers remain OFF, and thus the phase-comparator 
output becomes an open circuit and holds the voltage on the 
capacitor of the low-pass filter constant. Moreover, the signal 
at the “phase pulses” output is at a high level, and can be used 
for indicating a locked condition. Thus, for phase-comparator 
II, no phase difference exists between signal and comparator 
input over the full VCO frequency range. Moreover, the power 
dissipation due to the low-pass filter is reduced when this 
type of phase comparator is used because both the p- and n- 
MOS output drivers are OFF for most of the signal-input 
cycle. It should be noted that the PLL lock range for this 
type of phase comparator is equal to the capture range, 
independent of the low-pass filter. With no signal present at 
the signal input, the VCO is adjusted to its lowest frequency 
for phase-comparator II. Fig. 6 shows typical waveforms for 
a COS/MOS PLL employing phase-comparator II in a locked 
condition. 
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Fig. 6 - Typical waveforms for COS/MOS phase-locked loop 
employing phase-comparator 1 1 in locked condition. 


Fig. 7 shows the state diagram for phase-comparator II; 
each circle represents a state of the comparator. The number 
at the top inside each circle represents the state of the 
comparator, while the logic state of the signal and 
comparator inputs, represented by a 0 or a 1 , are given by 
the left and right numbers, respectively, at the bottom of 
each circle. The transitions from one state to another result 
from either a logic change on the signal input ( 1 ) or the 
comparator input (C), A positive transition and a negative 
transition are shown by an arrow pointing up or down, 
respectively. The state diagram assumes that only one 
transition on either the signal input or the comparator input 
occurs at any instant. States 3, 5, 9, and 1 1 represent the 
condition at the output of phase-comparator II when the 
p-MOS driver is ON, while states 2, 4, 10, and 12 determine 
the condition when the n-MOS driver is ON. States 1 , 6 , 7, 
and 8 represent the condition when the output of phase- 
comparator II is in its high impedance state; i.e., both p- and 
n-devices are OFF, and the phase-pulses output (terminal 1) 
is high. The condition at the phase-pulses output for all other 
states is low. 

As an example of how one may use the state diagram 
shown in Fig. 7, consider the operation of phase-comparator 
II in the locked condition shown in Fig. 6 . The waveforms 
shown in Fig. 6 are broken up into three sections: section I 
corresponds to the condition in which the signal input leads 
the comparator input in phase, while section II corresponds 
to a finite phase difference. Section III depicts the condition 
when the comparator input leads the signal input in phase. 
These three sections all correspond to a locked condition for 
the COS/MOS PLL; i.e., both signal- and comparator-input 
signals are of the same 'frequency but differ slightly in phase. 
Assume that both the signal inputs begin in the 0 state, and 
that phase-comparator II is initially in its high-impedance 
output condition (state 1), as shown in Figs. 7 and 6 , 
respectively. The signal input makes a positive transition 




Fig. 7- State diagram of phase-comparator //. 
first, which brings phase-comparator II to state 3. State 3 
corresponds to the condition of the comparator in which the 
signal input is a 1 , the comparator input is a 0 , and the 
output p-device is ON. The comparator input goes high next, 
while the signal input is high, thus bringing the comparator 
to state 6 , a high-impedance output condition. The signal 
input goes to zero next, while the comparator input is high, 
which corresponds to state 7. The comparator input goes low 
next, bringing phase-comparator II back to state 1. As shown 
for section I, the p-device stays on for a time corresponding to 
the phase difference between the signal input and the 
comparator input. Starting in state 1 at the beginning of 
section III, the comparator input goes high first, while the 
signal input is low, bringing the comparator to state 2 . 



Following the example given for section I, the comparator 
proceeds from state 2 to states 6 and 8 and then back to 1 . 
The output of phase-comparator II for section III corres- 
ponds to the n-device being on for a time corresponding to the 
phase difference between the signal and comparator inputs. 

The state diagram of phase-comparatoi II completely 
describes all modes of operation of the comparator for any 
input condition in a phase-locked-loop. 

Voltage-Controlled Oscillator 

Fig. 8 shows the schematic diagram of the voltage- 
controlled oscillator (VCO). To assure low system-power 
dissipation, it is desirable that the low-pass filter consume 
little power. For example, in an RC filter, this requirement 
dictates that a high-value R and a low-value C be utilized. 
The VCO input must not, however, load down or modify the 
characteristics of the low-pass filter. Since the VCO design 
shown utilizes an n-MOS input configuration having prac- 
tically infinite input resistance, a great degree of freedom is 
allowed in selection of the low-pass filter components. 

The VCO circuit shown in Fig. 8 operates as follows; 
when the inhibit input is low, P 3 is turned full ON, 
effectively connecting the sources of P] and P 2 to Vqd; and 
gates 1 and 2 arc permitted to function as NOR-gatc 
flip-flops. N 1 together with external-resistor R1 form a 
source-follower configuration. As long as the resistance of Rl 
is at least an order of magnitude greater than ON resistance 
of Nj (greater than 10 kilohms), the current through Rl is 
linearly dependent on the VCO input voltage. This current 
flows through P|. which, together with P2. forms a 
current-mirror network. External resistor R2 adds an 
additional constant current through PI; this current offsets 
the VCO operating frequency for VCO input signals of 0 
volts. In the current-mirror network, the current of P2 is 
effectively equal to the current through PI independent of 
the drain voltage at P2. (This condition is true provided P2 is 
maintained in saturation; in the circuit shown. P 2 is saturated 
under all possible operating conditions and modes). The 
set/reset flip-flop composed of gates 1 and 2 turns ON cither 
P4 and N3, or P5 and N2. One side of the external capacitor 
Cl is, therefore, held at ground, while the other side is 
charged by the constant current supplied by P2. As soon as 
Cl charges to the point at which the transfer point of 
inverters 1 or 5 is reached, the flip-flop changes state. The 



Fig. 8— Schematic of COS/MOS VCO section. 


charged side of the capacitor is now pulled to ground. The 
other side of the capacitor goes negative, and discharges 
rapidly through the drain diode of the OFF n-device. 
Subsequently, a new half-cycle starts. Since inverters 1 and 5 
have the same transfer points, the VCO has a 50-pcrcent 
duty-cycle. Inverters 1 through 4 and 5 through 8 serve 
several purposes: ( 1 ) they shape the slow-input ramp from 
capacitor Cl to a fast waveform at the flip-flop input stage, 
( 2 ) they maintain low power dissipation through the use of 
high-impedance devices at inverters I and 5 (slow-input 
wave-forms), and (3) they provide foui inverter delays before 
removal of the set/rcset flip-flop triggering pulse to assure 
proper toggling action. 


In order not to load the low-pass filter, a source-follower 
ouput of the VCO input voltage is provided (demodulated 
output). If this output is used, a load resistor (Rs) of 10 
kilohms or more should be connected from this terminal to 
ground. If unused, this terminal should be left open. A logic 
0 on the inhibit input enables the VCO and the source 
follower, while a logic 1 turns off both to minimize stand-by 
power consumption. 

Performance Summary of COS/MOS PLL 

The maximum ratings for the CD4046A COS/MOS PLL, 
as well as its general operating-performance characteristics 
are outlined in Table I. The VCO and comparator 
characteristics are shown in Tables II and III, respectively. 
Table IV summarizes some useful formulas as a guide for 
approximating the values of external components for the 
CD4046A in a phase-locked-loop system. When using Table IV, 
one should keep in mind that frequency values are in 
kilohertz, resistance values are in kilohms, and capacitance 
values are in microfarads. The selected external components 
must be within the following ranges: 

10 K£2 < Rj , R 7 , R s < 1 Mfi 
Cj > 100 pFat V dd >5 V 
C] > 50 pF at V DD ^ 10V 

In addition to the given design information, refer to Fig. 9 
for R| , R 2 ,and C | component selections. The use of Table IV 
in designing a COS/MOS PLL system for some familiar appli- 
cations is discussed below. 

APPLICATIONS OF THE COS/MOS PLL 
The COS/MOS phase-locked-loop is a versatile building 
block suitable for a wide variety of applications, such as FM 
demodulators, frequency synthesizers, split-phase data 
synchronization and decoding, and phase-locked-loop lock 
detection. 

FM Demodulation 

When a phase-locked-loop is locked on an FM signal, the 
voltage-controlled oscillator (VCO) tracks the instantaneous 
frequency of that signal. The VCO input voltage, which is the 
filtered error voltage from the phase detector, corresponds to 
the demodulated output. Fig. 1 1 shows the connections for 
the COS/MOS CD4046A PLL as an FM demodulator. For 
this example, an FM signal consisting of a 10-kilohertz carrier 
frequency was modulated by a 400-Hz audio signal. The total 
FM signal amplitude is 500 millivolts, therefore the signal 
must be ac coupled to the signal input (terminal 14). 
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Table II— VCO electrical characteristics 

VCO Characteristics (Typical Values at V n n - Vcc 
-10V,„dT A .2°a 

Maximum Frequency 1.2 MHz 

Temperature Stability 600 ppm/°C 

Linearity (V VCQ |n = 5 V i 2.5 V) 1% 

Center Frequency Programmable with 

R 1 and C-j 

Frequency Range Programmable with 

Rl , Rj. and 

Input Resistance 10 12 ii 

Output Voltage 10 V p _ p 

Duty Cycle 50% 

Rise & Fall Times 50 ns 

Output Current Capability 

"1 " Drive @ Vq = 9 .5 V -1.8 mA 

"0" Sink @ V Q -0.5 V 2.6 mA 

Demodulated Output: 

Offset Voltage 

,v VCO in ~ v DEMOD out* @ 1 mA 1 5 V 


Table III — Comparator electrical characteristics 
Comparator Characteristics (Typical Values at V n n - Vcc 
MOV and T a = 25°5) 

Signal Input 

Input Impedance 400 Kfi 

Input Sensitivity . 

ac coupled 400 mV 

dc coupled { "°" « 300/0 <V DD - V SS> 

| • T- > 70% (V DD - V SS ) 

Comparator Input Levels (term. 3 ). "0” < 30% (Vq D - Vggl 
"V > 70% IV DD - V ss ) 

Output Current Capability 

Comparator I (term. 2) and Comparator II (term. 13): 

"I” Drive @V 0 -9.5 V -1.8mA 

"0" Sink @> Vq - 0.5 V 2.6 mA 

Comparator II Phase Pulses (term. 1). 

"1 " Drive @ V Q = 9.5 V . -0.5 mA 

'TT Sink @ V 0 - 0.5 V 1.4 mA 


Phase-comparator I is used for this application because a PLL 
system with a center frequency equal to the FM carrier 
frequency is needed. Phase comparator I lends itself to this 
application also because of its high signal-input-noise- 
rejection characteristics. 

The formulas shown in Table IV for phase-comparator I 
with R 2 = 00 are used in the following considerations. The 
center frequency of the VCO is designed to be equal to the 
carrier frequency, 1 0 kHz. The value of capacitor C j , 500 pF, 
was found by assuming an R] = 1 00 for a supply voltage 
Vqd = ^ volts. 

These values determined the center frequency: 
f 0 = 10 kHz 


The PLL was set for a capture -range of 


to allow for the deviation of the carrier frequency due to the 
audio signal. The components shown in Fig. 10 for the 
low-pass filter (R 3 = 100 kfi,C 2 = 0.1 nF) determine the 
above capture frequency. 

The total current drain at a supply voltage of 5 volts for 
this FM-demodulator application is 132 microamperes for a 4 
dB S/N-ratio on the signal input, and 90 microamperes for a 
lOdB S/N ratio. The power consumption decreases because 
the signal-input amplifier goes into saturation at higher input 
levels. 





(21 G. S. Moschytz, "Miniaturized RC Filters Using Phtss- Locked Loop". BSTJ. May. 19SS. 
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Fig. 10— FM demodulator. 


Fig. 1 1 shows the performance of the FM/demodulator 
circuit of Fig. 10 at a 4 dB S/N-ratio. The demodulated 
output is taken off the VCO-input source follower using a 
resistor Rs (R s = 100k£2).The demodulation gain for this 
circuit is 250 mV/kHz. 


400 Hj AUDIO 
TRANSMITTED 

NOISE 


VCO OUTPUT 


DEMODULATED 

OUTPUT 


Fig. 11— Voltage waveforms of FM demodulator. 



Frequency Synthesizer 

The PLL system can function as a frequency-selective 
frequency multiplier by inserting a frequency divider into the 
feedback loop between the VCO output and the comparator 
input. Fig. 12 shows a COS/MOS low-frequency synthesizer 
with a programmable divider consisting of three decades. N, 
the frequency-divider modulus, can vary from 3 to 999 in 
steps of 1 . When the PLL system is in lock, the signal and 
comparator inputs are at the same frequency and 

f = N X 1 kHz 

Therefore, the frequency range of this synthesizer is 3 to 999 
kHz in 1-kHz increments, which is programmable by the 
switch position of the Divide-by-N counter. 



Fig. 12- Low-frequency synthesizer with three- 
decade programmable divider. 


Phase-comparator II is used for this application because it 
will not lock on harmonics of the signal-input reference 
frequency (phase-comparator 1 does lock on harmonics). 
Since the duty cycle of the output of the Divide-by-N 
frequency divider is not 50 percent, phase-comparator II 
lends itself directly to this application. 

Using the formulas for phase-comparator II shown in 
Table IV, the VCO is set up to cover a range of 0 to 1.1 MHz. 
The low-pass filter for this application is a two-pole, lag-lead 
filter which enables faster locking for step changes in 
frequency. Fig. 13 shows the waveforms during switching 
between output frequencies of 3 and 903 kHz. The figure 
shows that the transient going towards 3 kHz on the VCO 
control voltage is overdamped, while the transient to 903 
kHz is underdamped. This condition could be improved by 
changing the value of R 3 in the low-pass filter by means of 
adjustment of the switch-position hundreds in the Divide- 
by-N counter. 
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Fig. 13— Frequency-synthesizer waveforms. 


Split-Phase Data Synchronization and Decoding 

Fig. 14 shows another application of COS/MOS PLL, 
split-phase data synchronization and decoding. A split- 
phase data signal consists of a series of binary digits that 
occur at a periodic rate, as shown in waveform A in Fig. 14, 
The weight of each bit, 0 or 1 , is random, but the duration of 
each bit, and therefore the periodic bit-rate, is essentially 
constant. To detect and process the incoming signal, it is 
necessary to have a clock that is synchronous with the 
data-bit rate. This clock signal must be derived from the 
incoming data signal. Phase-lock techniques can be utilized to 
recover the clock and the data. Timing information is 
contained in the data transitions, which can be positive or 
negative in direction, but both polarities have the same 
meaning for timing recovery. The phase of the signal 
determines the binary bit weight. A binary 0 or 1 is a positive 
or negative transition, respectively, during a bit interval in 
split-phase data signals. 



© 0 0 f ~r H 0 


Fig. 14— / Split-phase data synchronization and decoding. 


As shown in Fig. 14, the split-phase data-input (A) is first 
differentiated to mark the locations of the data transitions. 
The differentiated signal, (B), which is twice the bit rate, is 
gated into the COS/MOS PLL. Phase-comparator II in the 
PLL is used because of its insensitivity to duty cycle on both 
the signal and comparator inputs. The VCO output is fed 


into the clock input of FF1 which divides the VCO 
frequency by two. During the ON intervals, the PLL tracks 
the differentiated signal (B); during the OFF intervals the 
PLL remembers the last frequency present and still provides 
a clock output. The VCO output is inverted and fed into the 
clock input of FF2 whose data input is the inverted output 
of FF1. FF2 provides the necessary phase shift in signal (C) 
to obtain signal (D), the recovered clock signal from the 
split-phase data transmission. The output of FF3, (E), is the 
recovered binary information from the phase information 
contained in the split-phase data. Initial synchronization of 
this PLL system is accomplished by a string of alternating 0's 
and l’s that precede the data transmission. 

Phase- Locked- Loop Lock Detection 

In some applications that utilize a PLL, it is sometimes 
necessary to have an output indication of when the PLL is in 
lock. One of the simplest forms of lock-condition indicator is 
a binary signal. For example, a 1 or a 0 output from a 
lock-detection circuit would correspond to a locked or 
unlocked condition, respectively. This signal could, in turn, 
activate circuitry utilizing a locked PLL signal. This detection 
could also be used in frequency-shift-keyed (FSK) data 
transmissions in which digital information is transmitted by 
switching the input frequency between either of two discrete- 
input frequencies, one corresponding to a digital 1 and the 
other to a digital 0 . 

Fig. 15 shows a lock-detection scheme for the COS/MOS 
PLL. The signal input is switched between two discrete 
frequencies of 20 kHz and 10 kHz. The PLL system uses 



Fig. 15— Lock-detection circuit. 

phase-comparator II; the VCO bandwidth is set up for an 
fmin °f 9.5 kHz and an f ma x of 10.5 kHz. Therefore, the 
PLL locks and unlocks on the 10-kHz and 20-kHz signals, 
respectively. When the PLL is in lock, the output of 
phase-comparator I is low except for some very short pulses 
that result from the inherent phase difference between the 
signal and comparator inputs; the phase-pulses output 
(terminal 1 ) is high except for some very small pulses 
resulting from the same phase difference. This low condition 
of phase comparator I is detected by the lock-detection 
circuit shown in Fig. 15. Fig. 16 shows the performance of 
this circuit when the input signal is switched between 20 and 
10 kHz. It can be seen that after about five input cycles the 
lock detection signal goes high. 


=f=r 




L SIGNAL INPUT 
J 20-10-20 


l- VCO OUTPUT 


Fig. 16- Lock-detection-circuit waveforms. 
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Using the CD4047A in COS/MOS Timing Applications 

by J. Paradise 


Many applications exist today for COS/MOS multivi- 
brators— both oscillators and one-shots-in analog and digital 
circuits. The requirements for these applications vary widely 
in such parameters as voltage range, temperature stability, 
power dissipation, drive capability, and external-component 
cost. No design is optimum for all of the above considerations. 
However, the RCA-CD4047A Monostable/Astable Multivi- 
brator fulfills the needs of most applications in this timing 
area. It can function as either an oscillator or one-shot with 
many additional features, and will meet the power dissipation, 
stability, and speed requirements of most COS/MOS systems. 

This Note compares some. simpler types of oscillator circuits 
with the CD4047Ain both theoretical and actual performance, 
and provides application information on the CD4047A which 
should prove useful to COS/MOS circuit and system designers. 

COS/MOS DISCRETE RC OSCILLATOR 

The simplest type of RC -oscillator is shown in Fig. 1 . It 
consists of two inverters (which may be taken from standard 



Fig. 1 — Simplest COS/MOS RC oscillator. 


RCA COS/MOS parts, i.e., CD4007A, CD4001A, CD4011A, 
etc.) and a single resistor and capacitor. The operating wave- 
forms for this circuit are shown in Fig. 2. 

The circuit operates as follows: depending on the output 
levels of inverters A and B, at any instant C will be charging or 
discharging through R. When the waveform at point (2) in the 
circuit passes through the transfer voltage of inverter A, this 
inverter will switch and cause inverter B to switch. Subse- 
quently, the waveform at point (2) would be exponentially 


© 
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Fig. 2 - RC-oscillator operating waveforms. 


increasing or decreasing with discontinuities equal in magnitude 
to Vqq during the instant of switching. However, since 
point (2) is protected by a standard input-protection circuit 
common to COS/MOS devices, the waveform is clamped at one 
diode voltage drop above Vpj) and below Vgg. (Refer to wave- 
forms in Figs. 2 and Al). The calculations for the period of this 
multivibrator circuit are shown in Appendix A; the final 
equation for the period T is 


t=- R c.„ (V tr)(Vdd : Vtr) 
(Vdd + v d ) 2 


( 1 ) 


where Vjr is the switching or transfer point of the inverter, 
and Vp is the diode forward voltage drop. 

Equation (1) shows that the period of the multivibrator, T, 
is sensitive to changes in as illustrated by the graph of 
time period, T, vs transfer voltage as a function of V^d in 
Fig. 3. In addition to the strong dependence of actual time 
period on the Vqq chosen, the graph also illustrates that, for 
a given Vpp, a full transfer voltage spread of 30 to 70 per cent 
of Vj)£) (unit-to-unit worst -case variations) yields a change in 
time period of about 10 per cent from the nominal 50-per-cent 
transfer-voltage percentage values. 



Fig. 3 — Discrete RC-oscillator time period as a function of transfer 
voltage. 

The above analysis is valid only at low frequencies (i.e., less 
than 50 kHz). As the multivibrator frequency approaches this 
value, other considerations must be taken into account: 

1 . The input protection circuit has a diode with a 
finite resistance and capacitance; the diode will discharge at 
the rate associated with this small time constant.' 

2. In the negative direction, there is a diode as well as a 
series protection resistor (1 to 3 kilohms); the time constant of 
this diode is even longer than that of the Vj)j) diode. 

3. The propagation delay of the inverters used is added to 
the time period during each charge and discharge cycle. Since 
the delay is a function of Vdj> small changes in Vpp at high 
frequencies will cause the time period to vary. 

4. There is a finite output impedance associated with the 
inverter which is in series with the external timing resistor. 
Since this output impedance also changes with at high 
frequencies where the external resistor becomes small, the 
multivibrator stability decreases with small variations in Vqj). 

The negative features of the input protection circuit can be 
partially compensated for by the addition of a resistor, Rg, in 
series with the input protection circuit, as shown in Fig. 4. 
Although the input inverter A is still clamped at one diode drop 
above Vqq or one diode drop below Vgg, the waveform at 
point (4) is allowed to swing well above Vqjj and below Vgg. 
The larger swing reduces the dependency of transfer-voltage 
variations upon stability;. the variable characteristics of the 
input protection circuit and their effect upon stability are 
greatly reduced. An analysis of this circuit is presented in 
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Fig. 4 - RC-oscillator with the addition of R$. 


Appendix B; the equation for the period, T, for this circuit is 
shown in Eq. 2. 


Rs 

When K = -j^, T is: 


C T = -RC In 


(VtrKVdp - v tr) 
(v DD + v D )i 


0C )_ K [V DP + Vpl 

(K+l) RC,n K[V DD +V TR l+|V T R-V D ] 

) K [V DD + Vpl 

(K + 1 ) RC ' " K 12 V DD V TR 1 + IV DD - V TR - V D ] 


( 2 ) 


In this form it is easy to see that when K approaches zero, the 
circuit and associated waveforms are equivalent to those of 
Fig. A-l . On the other hand, as K approaches infinity, the vari- 
ation in period as a function of Vpj) is reduced to zero. This 
result is shown in Fig. 5, where period as a function of trans- 



TRANSFER VOLTAGE (V TR ) — PER CENT OF VDD uc.-iiim 


Fig. 5 - Discrete RC-oscillator time period as a function of transfer 
voltage. 

fer voltage is plotted for different value of Vqq and K, and 
Fig. 6, which shows period as a function of K for different 
values of Vqq. Variation in period with transfer voltage is 
also reduced as K increases. This variation decreases from 
10 per cent for K = 0 to about 5 per cent as K gets large. 

There are some obvious limitations in the value of Rg that 
can be used. Besides the disadvantages in this circuit if R is to 
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Fig. 6 — Discrete RC-oscillator time period as a function of constant, k. 

be made adjustable, the user must be careful with component 
layout, if Rg is made very large, to take advantage of the im- 
provement in stability. A time constant and phase shift is pro- 
duced by Rg and stray wiring and breadboard capacitance, 
see Fig. 7. This shift creates a switching delay in the circuit which 
changes the time period and, in addition, may cause spurious 
oscillations and glitches in the multivibrator circuit. A reason- 
able value for K would be anywhere from 2 to 10, with maxi- 
mum and minimum values for Rg determined by the above 
considerations. 



Fig. 7 — RC-oscillator circuit with stray capacitance. 


COS/MOS INTEGRATED RC OSCILLATORS 

The RCA-CD4047A is an integrated RC oscillator that 
eliminates most of the disadvantages of the discrete circuits 
previously discussed. The primary reason for this improved 
performance is the special input-protection circuit which 
allows the capacitor charging waveform to swing above V£)p 
and below Vgg without the need for an external resistor. This 
circuit, shown in Fig. 8, has the same time period and stability 
as the circuit in Fig. 4 for the case where the value of Rg is 
infinite. However, a resistor is eliminated, as well as the dis- 
advantages of a time constant caused by the resistor. 
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There are two additional reasons for expected improvement 
with the CD4047A. First, the transfer-voltage point of the 
input inverter, A, is tested between 33 and 67 per cent of 
instead of between 30 and 70 per cent; this narrower test range 
improves stability by reducing unit-to-unit variations. In ad- 
dition, large buffers are used for inverters D and E; this practice 



Fig. 8 — CD4047A oscillator section 


reduces the effect of changes of device output impedance with 
period stability. A derivation of period, T, for this circuit is 
presented in the Appendix C ; the Final equation for T becomes : 


(VTR) (Vpp ~ VTR) 

° (VdD + V TR) ( 2 V DD ~ V TR) 


(3) 


Figure 9 shows a graph of stability as a function of transfer 
voltage based on this equation. 

The graph of Fig. 9 shows a maximum variation of 5 per 
cent between minimum (2.197 RC) and maximum (2.307 RC) 
time periods. A value of 2.25 RC yields a ± 2.5 per-cent vari- 
ation. Typical values of period variations at high frequencies 
and temperature extremes are included in the published data 
for the CD4047A. 1 



Fig. 9 — CD4047 time period as a function of transfer voltage. 


An additional advantage of the CD4047A is a reduction in 
power dissipation as compared to the discrete multivibrators 
discussed previously. Inverter A in Fig. 8 is designed with high- 
impedance components that limit power dissipation during the 
time that the inverter operates in the middle of its transfer 
region. Four additional inverters are used to gradually shift from 
a very-high-impedance inverter at the input to a very -low- 
impedance driver in series with the external timing resistor. 
Calculations for power dissipation and a comparison of P^iss 
for the CD4047A and a discrete oscillator are presented in 
Appendix D; the result is 

P di ss=2CV2f (4) 

This equation specifies the power dissipated in the external 
components only. At low frequencies, where most of the 
power will be dissipated in R, power can be minimized by 
using a small value of C, since the formula shows the power 
is a function of C and not R. 

Additional power is consumed in the CD4047A chip as a 
function of frequency. Fig. 10 shows curves for theoretical 
minimum power dissipation, actual CD4047A oscillator-power 
dissipation, and discrete oscillator-power dissipation as a 
function of frequency. 



Fig. 10 — Comparison of Pgjj ss for discrete oscillator and CD4047 with 
theory. 


CMOS DISCRETE ONE-SHOTS 


Fig. 1 1 illustrates one of several simple monostable circuits 
which can be employed in non-critical timing circuits.2 The 



Fig. It - COS/MOS monostable circuit. 


circuit pulse width is dependent upon the transfer voltage of 
inverter B as time constant RC charges to Vpp from Vg^-The 
pulse width is defined as 


T = — RC In 


(Vpp - Vtr) 

( V PP ) 


(5) 


Fig. 12 shows the variation in pulse width as a function of 
transfer voltage for this device. 

There are several alternatives to the circuit shown in 
Fig. 12.2 These alternatives have the advantage of greater 
stability, but at the expense of two time constants required in 
circuit and, in some cases, the addition of a diode. 



Fig. 12 — Simple one-shot time period as a function of transfer voltage. 


COS/MOS INTEGRATED ONE-SHOTS 

The CD4047A, when used in the monostable mode, again 
has several advantages over discrete designs. A high degree of 
accuracy can be achieved with one time constant, and power 
dissipation is lower than with discrete designs. Fig. 13 shows 
that many functions can be achieved with the CD4047A, in- 
cluding leading and trailing-edge triggering, and retriggering. 

The pulse width, Tj^j, is expressed below: its derivation is 
given in Appendix E. 


Tm = — In 


(Vtr) ( v dd) -vtr) 

(2 Vpp) (2 Vpp - V TR ) 


( 6 ) 


Fig. 14 is a graph of pulse width versus transfer voltage based 
on the above equation. 

The equations for monostable-mode power dissipation are 
also derived in Appendix E. For a repetitive output on the 
CP4047A, power dissipation can be expressed by the following 
equation: 


2. 875 CVpp2 

P diss = x (duty cycle) ( 7 ) 

t M 

USING THE CD4047A - SPECIAL CONSIDERATIONS 

A number of circuit considerations are explained below 
which will aid the user of the CD4047A. 

A clamping circuit is provided on the chip to reduce the 
recovery time (tr) that would normally exist in other mono- 
stable circuits; see Figs. 15 and 16. Fig. 17 shows a plot of 
monostable-pulse-width stability as a function of duty cycle 
for specific R and C external components. Note that there is 
no appreciable change in pulse width until the duty cycle 
approaches 100 per cent. A disadvantage to the clamping circuit is 
that it introduces additional capacitance at the RC common 
node (Fig. 1 6), which may be noticeable for short pulse widths 
in the monostable mode only. Some diffusion capacitance 
present at the base of the n-p-n transistor is used to quickly 
charge C to Vpj) after the one-shot cycle has terminated. This 
capacitance is multiplied by the beta of the transistor, and is in 
parallel with the external C during the time interval that the 
transistor is on (Vqj) - Vg£ < t < Vgj:). Thus, when values of 
C less than 1000 picofarads are used, the actual width will be 
longer than that predicted by the formula. Fig. 18 is a graph of 
actual, typical pulse widths as a function of external C used 
under these conditions. Note that the minimum values of C 
used in the graph are the smallest that can be used in the 
CD4047A to assure proper operation of the circuit. 

The waveform in Fig. 1 5 shows that two positive transitions 
are encountered by the control circuitry in the CD4047A. 
These transitions are necessary to make the output flip-flop at 
pin 10 toggle properly to produce the single pulse needed in 
monostable operation. However, at pin 13, the waveform of 
Fig. 19 results; the pulse width of the spike is equivalent to 
the propagation delay of the circuit. This spike will normally 
prevent the user from using pin 13 in the monostable mode. In 
the astable mode, however, pin 13 can be used whenever a 
50-per-cent duty cycle and higher drive capability are not 
required. The advantage to the use of pin 13 under these 
conditions is that the frequency of the waveform at pin 13 is 
twice that of pin 1 0 for the same external timing components. 

When the CD4047A is used in the retrigger mode, the 
retrigger input is connected directly to the set input of FF4, 
as shown in Fig. 13. This connection means that the output at 
pin 10 will be high during the time that a high level is present 
on pin 12. Thus, if normal one-shot operation is required at 
any time that the circuit is in the retrigger mode, the input 
pulse should be shorter than the expected pulse at the output. 
Note that in the retrigger mode the output pulse width is not 
referenced to the last positive-going edge produced at the 
input because of the asynchronous nature of the circuit. The 
output actually terminates when two internal-oscillator leading 
edges have been received by FF4, after the high level present 
on pin 12 has been removed. The output width variation will 
then be between one and two time constants referenced to the 
trailing edge of the input at pin 12, see Fig. 20. 

A section on timing-component limitations is presented in 
the CD4047A data sheet. 1 It should be emphasized that it is 
desirable to use a small value of capacitance wherever possible. 
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Fig. 13 — CD4047A logic diagram. 



The circuit will work well even when the value of R approaches 
or exceeds 1 megohm. For very low frequencies, where a large 
value of capacitance is needed, the selection of the capacitor is 
very important. It must be nonpolarized because there is no 
reference ground at either of the two pins to which C is con- 
nected. The capacitor parallel resistance (i.e., leakage) must 
also be at least an order of magnitude higher than the external 
R used. This criterion generally eliminates electrolytic ca- 
pacitors and those made of materials which could produce 
greater leakage current than that permitted for proper circuit 
operation. 

Because of the internal circuit construction, there is no 
guarantee as to what dc level will be present on the output at 
pin 10 or 11 when power is first turned on. If this condition 
must be guaranteed, a system-power on pulse input to pin 9 
can be made to assure that pin 1 0 will initially be at a low logic 
level. The pulse can be generated from one of the circuits 
shown in Fig. 21. 


V DD V 0D 



Vss v ss 


92CS-22669 

Fig. 21 - CD4047A power-up reset circuits. 



Fig. 14 — CD4047A one-shot pulse width as a function of transfer voltage. 

2 V DD 
Vtr+v od 
V 0D 
VTR 
V SS 

Vtr-Vdd 

Fig. 15 - CD4047A one-shot RC waveform. 



40 50 60 70 80 90 100 

DUTY CYCLE —PERCENT 


Fig. 17 - CD4047A monostable accuracy as a function of duty cycle. 



| z * 6 8 10 1 * 4 8 100 Z 46 *1000 


CAPACITANCE — PICOFARADS 

Fig. 18 — CD4047A pulse width as a function of capacitance. 


Although the CD4047A data sheet calls for a minimum 
input pulse duration of 200 nanoseconds at 10 volts and 500 
nanoseconds at 5 volts, shorter pulses (due to transients, etc.) 
occur frequently in system applications where the CD4047A is 
used. Such narrow pulses may not be ignored by the CD4047A, 
but may instead cause Q to go high permanently or until a reset 
input occurs. The circuit shown in Fig. 22 eliminates this 
problem by essentially “lengthening” the trigger pulse by 
feeding back through R^ and a current pulse whe'n Q goes 
from 0 to a 1 . The particular values shown have been tried and 
found to work well, even for extremely short input pulses 
(less than 20 nanoseconds). 



20pF 10 KH 92CS - 2 3404 

Fig. 22 — Input-pulse stretcher circuit. 



V 0D 



Fig. 16 — CD4047A clamping circuit. 



APPLICATIONS 
NOISE DISCRIMINATOR 

Fig. 23 illustrates an application of the CD4047A in a noise- 
discriminator circuit. By adjusting the external time constant, 
a pulse width narrower than that determined by the time 
constant will be rejected by the circuit. The output pulse will 
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Fig. 23 — Noise-discriminator circuit. C * CLOOl 


follow the desired input, but the leading edge will be delayed 
by the selected time constant. Fig. 24 shows typical waveforms 
with the circuit in operation. 


input ® 



500/1S/DIV 

T ,,A . 92CS- 

'CD4047A 50 V* S 

Fig. 24 — Noise-discriminator circuit waveforms. 


FREQUENCY DISCRIMINATOR 

The CD4047A can be used as a frequency-to-voltage con- 
verter, as shown in Fig. 25. A waveform of varying frequency is 
applied to the +TR input. The one-shot will produce a pulse of 
constant width for each positive transition on the input. The 



Fig. 25 - Frequency-discriminator circuit. 


resultant pulse train is integrated to produce a waveform whose 
amplitude is proportional to the input frequency. The wave- 
forms of Fig. 26 were taken with the circuit in operation. 



Fig. 26 — Frequency-discriminator-circuit waveforms. 


Fig. 28 — Low-pass filter-circuit waveforms. 



t C 04047 *50,is 
R = 22 k 92c 

C =0.001 

Fig. 29 — Low-pass-circuit waveforms. 


BANDPASS FILTER 

Two CD4047A low-pass filters can be employed to con- 
struct a bandpass filter, as illustrated by the circuit in Fig. 30. 
The pass band is determined by the time constants of the two 
filters. If the output of filter No. 2 is delayed by Cj, the 
CD40I3A flip-flop will clock high only when the cutoff fre- 
quency of filter No. 2 has been exceeded; this point is illus- 
trated in the timing diagram in Fig. 30. The Q output of the 
CD4013A is gated with the output of filter No. 1 to produce 



. - juuuijijuuuinji^ 



Fig. 30 — Bandpass filter circuit and waveforms. 


LOW-PASS FI LTER the desired output. Typical operation of the circuit is shown in 

. . . . < i Fig. 31 , where the input frequency is swept through the pass 

A simple circuit using the CD4047A as a low-pass filter is b ^ d v ^ j r & v 

shown in Fig. 27. The time constant chosen for the multi- 
vibrator will determine the upper cutoff frequency for the 
filter. The circuit essentially compares the input frequency 



Fig. 27 — Low-pass filter circuit. 200 M s/oiv 

t FILTER I *50^S T F | LTER 2 =IOO^s 


with its own reference, and produces an output which follows r = 22 k r = 47 k 

the input for frequencies less than f cu t 0 ff> and a low output “ ' ^ ^ 

for frequencies greater than f cu toff- Figs- 28 and 29 show 92cs 22549 

waveforms with the low-pass filter circuit in operation. Fig. 31 - Bandpass-filter-circuit waveforms. 


ENVELOPE DETECTOR 

The CD4047A can be used as an envelope detector by 
employing it in the retrigger mode, as shown in Fig. 32. The 
time constant is selected so that the circuit will retrigger at the 



Fig. 32— Envelope-detector circuit. 

frequency of the input pulse burst. A dc level appears at the 
output for the duration of the input pulse train. Fig. 33 shows 
waveforms taken with the circuit in operation. 




v !N ■■■■^■■■■■■■■■frequency 


VOUT 



500 ^s/DIV 

t CD4047 * 120^5 

C * fooo p F 92 CS- 22648 

Fig. 33 — Envelope-detector-circuit waveforms. 

PULSE GENERATOR 

Several CD4047A units can be connected together to pro- 
duce a general-purpose laboratory pulse generator, as shown in 
Fig. 34. The circuit shown has variable-frequency and pulse- 
width control, as well as gating and delayed sync capability. 
Gating can be controlled from a high- or low-level input. 
Automatic 50-per-cent duty-cycle capability is included, as 
normal or inverted output. 

CD4047A No. 1 is connected as a gated, astable multi- 
vibrator, and, with the RC values shown, can produce over- 
lapping ranges of frequencies from 2 Hz to 1 MHz. For free- 
running operation, the Gate/Free-Run switch is closed, and 
the Gate Level switch is placed in the high-level position. 
Standby operation can be achieved with the Gate Level 
switch in the low-level position. When gating, the Gate/Free- 
Run switch is open, and the Gate Level switch is set to the 
appropriate position. The gate signal is applied to the Gate In 
jack. 

CD4047A No. 2 is triggered from the gated, astable multi- 
vibrator, and produces a narrow sync pulse which can trigger an 
oscilloscope or generator. The sync pulse is obtained from the 
Sync Out jack. 

If a 50-per-cent duty cycle is desired, the Duty Cycle switch 
is set in the 50-per-cent position, and the output is obtained 
from CD4047A Nm 1 . The Signal Polarity Switch determines 
whether the Q and Q output is used. 

CD4047A No. 3 produces a variable, delayed (from 1.5 
microseconds to 250 milliseconds) output with respect to the 
sync pulse when the Delay switch is in the IN position. This 
one-shot is bypassed when the Delay switch is in the OUT 
position (the inherent delay is approximately 400 nanoseconds). 

CD4047A No. 4 is a monostable multivibrator which re- 
ceives trigger pulses from CD4047A No. 1 or No. 3. It can 
produce overlapping ranges of pulse widths from 1 .5 micro- 
seconds to 200 milliseconds with the values shown. 

The signal output is buffered with the CD4041A to 
allow the pulse generator to drive any required load. The 
circuit shown has the advantages of being compact, battery- 
powered, and COS/MOS compatible. In addition, it is capable 
of being run from the same power supply as the device under 
test to assure that the input levels are the same as Vpjp when 
the power-supply voltage is varied. 

MISCELLANEOUS APPLICATIONS 

The basic properties of good stability in the astable mode, 
and stable pulse delay and width control in the monostable 
mode, make the CD4047A a useful building block in many 
systems, such as PMOS clock generation, audio tone gener- 
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ation, semiconductor memory systems, semiconductor memory 
exercisers, and general-purpose functional-testing systems. This 
Application Note will serve as a guideline in incorporating the 
CD4047A in a system design. 
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Fig. 34 - Pulse-generator circuit. 

Appendix A - 

Calculation of the Period of an Astable Multivibrator Using a Single RC Time Constant 



92CS-22652 

Fig. A- 1 - RC oscillator waveform for the circuit of Fig. 1. 


In Fig. A-l : 
tp v tr = ( v dd + V D> e ' 


.tj/RC 


t! = -RC In 


V T R 


V DD + V D 


*2 : V DD“ V TR = ( V DD + v D> e 


*2 


= RC In 


V DD ~ V TR 
V DD + V D 


And the period of an astable multivibrator using a single RC 
time constant is: 


T = t, + 1 2 = 


— RCln 


(Vtr)(Vpd-Vtr) 

( V DD + V D) 2 


Appendix B - 

Analysis of Circuit Shown in Fig. 4 



Fig. B-i — RC waveform for the circuit of Fig. 4. 


In Fig. B-l : 

tl : V TR = ( V DD + v D) e 
Vtr 

tj = -RC In 


-tj/RC 


V DD + V D 
*2 : V DD “ V TR = ( V DD + v d) e 
V DD ~ V TR 


-RCln 


V D D + V D 


-t 2 /RC 
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V DD + V D R S V DD + V TR _ 



Eq. (B-l) is solved for V; the final voltage across the 
capacitor is 

V = C,e” K ''A+^. (B-2) 

where Cj = Vq- R = initial voltage across capacitor 


R S RC 

v D r - r s v dd 


Fig. B-2 — Initial conditions for solving period t A . 


Circuit initial conditions are shown in Fig. B-2. In the 
figure 

dv V + V DD V + V DD — (V DD + V D ) 

_C dt R + R s ^ 


e By inserting these values into Eq. (B-2) and setting the 

final voltage across the capacitor, V, to Vp, t ^ becomes 

[R S RC ] r s( v dd + v d] 

(B-l) t a = — I — I In 

L R S + R J R S [V D D + V TR ]+R[V TR -V D ] 


Insertion of these values into Eq. (B-4), with 
V= -Vq yields 



Fig. B-3 — Initial conditions for solving period t t 


Circuit initial conditions as shown in Fig. B-3. In the 
figure 

dv VpD-V Vp + V 
dt R Rg 

Solving Eq. (B-3) for V the final voltage across the 
capacitor, yields 


R S RC 1 R SI V DD + Vpl 

r s + rJ r s l-V DD v TR ] + r iv DD - v TR v D ] 


and T - 1 1 + t 2 + t A + t B 

The equations for t^, tg, and T can be simplified by 
expressing Rg as a multiple of R. Let 
R s 

K = — and combining the expressions for tj and t 2 . The 
resulting expression for T is 

(V T r) ( v dd v tr) 


-Kite k 2 


( V DD + V D) 2 


K \ K[V DD + V D ] 

) RC In 

C+l/ K [V DD + V TR ] + [V TR - V D ] 


where C 2 = Vj R - Vpjp = initial voltage across capacitor 
Kj , K 2 are same values as for above for t^. 


\ K ( V DD + 

\ K+ 1 ) RC,n K (2 V D 


I 2 V DD ~ V TRl + ( V DD - V TR - v Dl 


Appendix C - 

Calculation for Period of Astable Multivibrator Using Integrated Techniques 



Fig. C-1 — CD4047A RC oscillator waveform. 


tj. V TR = ( V DD + V TR> e 
V T R 

ti = RC In 

V DD + V TR 

l 2 : V DD - V TR = ( 2 V DD “ V TR) e _t 2^ RC 

r _, V DD " V TR 

t 2 — RC In 77 — 

2 V DD - V TR 

And the period of the astable multivibrator using integrated 
techniques is 

T = -RC In (V T r)(V DD~ V TR) 

( V DD + V TR) (2 V DD ~ V TR) 
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Appendix D — 

Power Needed for Charge and Discharge of an External Capacitor During One Cycle 



4.SC Vpp 2 
T RC J 


(l.SV DD e-t/RC) 

(Rc) (1 * 5VDD)e ‘ t/RCdt 

f T/2 

/ e — 2t/RC dt 


Fig. D-1 — Waveform for calculating power dissipation. 


= _2^5C v DD 2 e — 2t/RC 
T 


Assume for this calculation that = 50-per-cent Vj^q, j 

and that T = 2.2 RC. Since charge and discharge cycles are 

symmetrical, the calculation can be performed by analyzing Substituting T = 2.2 RC 
a discharge cycle only. See Fig. D-1 . 


P=-f (2.25) V DD 2 [e 22 -< ] * 2 '°f V DD" 


I - (5c> 15V DD)(e- ,/RC ) 


Appendix E - 

Equations for Pulse Width T M of CD4047A in Monostable Mode 


2 v DD 

v 

1 


V TR 1 

1 



j 

7 j 

lh bb L — ,, *j 



r t M *| 92CS-22654 

Fig. E-1 — CD4047A RC waveform, monostable mode. 

Note that the waveform in Fig. E-1 is not symmetrical because 
the timing capacitor is initially charged to Vj^q. In the 
monostable mode, the circuit goes through one cycle only. 


tl :V TR=2V D D e l l/ RC 
V TR 

tj = — RC In 

2v DD 


*2 : V DD - V TR - (2 V DD - V TR ) e _t 2/ RC 
V DD~ V TR 

*2 = ~ RC ln TT7 7} 

2 V DD - V TR 

And the equation for the pulse width, T^, of a CD4047A in 
the monostable mode is: 


T M = tj +t2 = — RCln 


( v tr) ( v dd - v tr) 

(2 VDD) (2 V DD ~ V TR> 


Monostable Power Dissipation 

To calculate the power dissipation for the circuit in the 
monostable mode, refer to Fig. E-1. If it is assumed that 
Vtr = 50-per-cent Vqj), Fig. 14 shows that Tj^ = 2.485 RC. 
t 2 is the same as in the astable calculation, i.e., t 2 = 1 .10 RC 
and P t 2 = CV 2 f for Vj R = 50-per-cent Thus, t j in the 
monostable mode = 2.485 RC - 1 .10 RC = 1 .385 RC. 


l 


CV dv i 

f l 2 CV dv 

p = — 


— dt + I 

dv 

t m 

[Jo 

dt J 

dt 

h 


r cv - a. + — cv2 

Tm J„| * t m 


‘I Vdd' 
Tm rc 


f * ( 2 v dd e - t/RC )(^) (2 V dd e -l/RC) d 

* o 

Iddi/*' 1 e — 2t/RC dt 

RC Jo 


2V dd 2 e 2t/RC tj 


Substituting tj = 1 .385 RC 
C 


' 2 Vdd 2 [ e —2.77 _ j j = - 


dv t 

dt \ R( 


(4)< 2 V dd> = -‘ /rc 


C Vdd 2 C Vdd 2 

P = P tl +P t2 = (1.875 + 1)— =2.875 — 

t m 

For a repetitive output from the CD4047A 
2.875 C Vdd 2 

P = ~ x duty cycle 
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COS/MOS Interfacing Simplified 


by D. Blandford and A. Bishop 

COS/MOS with its wide range of operating supply voltages, 
low input current, and low power consumption, interfaces 
easily with many electronic devices. In addition, COS/MOS 
circuitry can easily be added to a system and can often be 
operated from the existing power supply. Examples of practical 
circuits for a wide variety of interfacing situations are given in 
this Note; design constraints are included in each case. 

Note that the CD4000 Series type numbers are followed by 
a suffix letter, A or B, which specifies the maximum operating 
voltage for the device: A, 3 to 15 volts; B, 3 to 18 volts. The 
outputs of all B-type devices are buffered and have the same 
output drive current and equal source and sink capabilities. 
Table I shows some characteristics of B-type devices. 


essentially “capacitive”, which means that many COS/MOS inputs 
may be driven by a single TTL output. The actual number 
depends on the frequency of operation. 

In the COS/MOS to TTL interface, Fig. 3, the requirement 
is to sink sufficient current in the low output state at a maxi- 
mum output voltage of 0.4 volt. Table III gives the current 
sinking capability of some CD4000-series devices. Note that 
all B-type devices have the same standard output drive and are 
capable of sinking two low-power TTL loads, worst case. For 
the higher power types of TTL, the CD4049A and CD4050A 
buffers may be used. Table IV shows the minimum and typical 
fanout for each TTL family. The buffer takes its power from 
the 5-volt TTL supply and has an additional advantage in that 


Table IV- Fanout of CD4049A and CD4050A Buffers to TTL 
TTL Family 

Buffer Fanout 74 74H 74L 74LS 74S 

Minimum 1 1 14 7 1 

Typical 3 2 28 14 2 


4-5 V 4-5 TO 4-15 V 



Fig. 4—TTL to COS/MOS at a V qq greater than 5 volts. 


Table 1 - Output Drive Current-B-Type Devices 


Output 




BD, BK, BF, 

BH 



BE 



Drive 

Symbol 

V DD 

v O 

— 55°C 

+25°C 

+125°C 

-40°C 

+25°C 

+85°C 

+25 °C 

Units 

Current 


Volt 

Volt 

Min. 

Min. 

Min. 

Min. 

Min. 

Min. 

Typ. 


Sink 

i d n 

5 

0.4 

0.5 

0.4 

0.3 

0.45 

0.4 

0.36 

0.8 

mA 

10 

0.5 

1.1 

0.9 

0.65 

1.0 

0.9 

0.75 

1.8 

mA 



5 

4.6 

-0.5 

-0.4 

-0.3 

-0.45 

-0.4 

-0.36 

-0.8 

mA 

Source 

IdP 

5 

2.5 

-2.0 

-1.6 

-1.15 

-1.8 

-1.6 

-1.3 

-3.2 

mA 


10 

9.5 

-1.1 

-0.9 

-0.65 

- 1.0 

-0.9 

-0.75 

-1.8 

mA 


COS/MOS to TTL 

In interfacing TTL with COS/MOS with a common power 
supply of between 4.5 and 5.5 volts, the guaranteed active- 
pull-up TTL output voltage of 2.4 volts is lower than the 
minimum COS/MOS input voltage required to guarantee 
switching, 3.5 volts, Fig. I. This difference is overcome by the 
use of an external resistor, R x in Fig. 2, which is also the re- 
sistor to be used for open-collector-output TTL at a V^q of 
5 volts. The minimum value of Rx is fixed by the maximum 
sink current, e.g., 1.6 milliamperes for 74-series TTL, its 
maximum value by Iq^, the off leakage of the output sink 
transistor. As shown in Table II, the values of Rx between 
1.5 and 4.7 kilohms are suitable for all the TTL families under 
worst-case conditions. The COS/MOS input impedance is 


it can accept input voltage swings of 5 to 15 volts from the 
preceding COS/MOS system. 



Fig. 3— COS/MOS to TTL interface. 


TTL COS/MOS 



Fig. 1—TTL to COS/MOS voltage levels. 


To gain improvements in speed and noise immunity in a 
system using a COS/MOS supply voltage greater than +5 volts, 
high-voltage open-collector TTL circuits such as the 7416, 
7417 or 7426 may be used, as shown in Fig. 4. The value of 
the pull-up resistor Rx will depend on the actual value of 
Vdq; at 10 volts, 39 kilohms would be suitable. 

COS/MOS to HNIL 

The wide operating-voltage range and low power con- 
sumption of COS/MOS circuitry enables it to operate from the 
HNIL power supply. Most CD4000A circuits will drive the 
HNIL input directly; for example, in Fig. 5, the CD4081B 
output sinks the required 1 .4 milliamperes at an output voltage 
typically less than 0.5 volt. The HNIL output-voltage levels, 
0.8 volt and 10 volts, enable it to interface directly with the 
COS/MOS input with good noise immunity. 



Fig. 5— COS/MOS to HNIL to COS/MOS interface. 


COS/MOS to DTL 

The COS/MOS to DTL interface requires a buffer, such as 
the CD4049A shown in Fig. 6, to sink the DTL input current 
of 1.5 milliamperes at 0.4 volt. Fanout to DTL circuits depends 
on the sink-current capability of the COS/MOS buffer used. 
For the CD4049A and CD4050A, typical fanout is 3. 

The DTL to COS/MOS interface requires no special con- 
sideration because the internal pull-up resistor in DTL circuits 
and the extremely low input current of COS/MOS circuits 
ensures a high logic level almost equal to the power-supply 
voltage. 



Fig. 6- COS/MOS to DTL to COS/MOS interface. 


4.5 TO 5.5 V 



Fig. 2— TTL to COS/MOS interface. 

Table 11-Values of R x for TTL-COS/MOS Interface 

Characteristic 74 74H 74L 74LS 74S 

R x min. (ohms) 390 270 1.5k 820 270 

Rx max. (kilohms) 4.7 4.7 27 12 4.7 


Table III— Minimum Current-Sinking Capability of COS/MOS Devices 


COS/MOS 

Type 

Description 

Sink Current (mA at 25°C 
V 0 = 0.4 Volt, V DD = 5 Volt) 

CD4000A 

Dual 3-Input NOR Gate Plus Inverter 

Ceramic 

0.4 

Plastic 

0.3 

CD4001A 

Quad 2-Input NOR Gate 

0.4 

0.3 

CD4002A 

Dual 4-Input NOR Gate 

0.4 

0.3 

CD4007A 

Dual Complementary Pair Plus Inverter 

0.6 

0.3 

CD4009A/49A 

Inverting Hex Buffer 

3.0 

3.0 

CD40I0A/50A 

Non-Inverting Hex Buffer 

3.0 

3.0 

CD4011A 

Quad 2-Input NAND Gate 

0.2 

0.1 

CD4012A 

Dual 4-Input NAND Gate 

0.1 

0.05 

CD4041A 

Quad True/Complement Buffer 

0.4 

0.2 

CD4031A 

64-Stage Static Shift Register 

1.3 

1.3 

CD4048A 

Expandable 8-Input Gate 

1.6 

1.6 

CD4XXXB 

Any B-Type Device Output 

0.4 

0.4 
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COS/MOSto 10k ECL 

COS/MOS and 10k ECL are not normally interfaced, but 
they can be readily by using the 10124 and 10125 devices 
which are intended for conversion between ECL and TTL. This 
interface requires that the COS/MOS device be operated at a 
5-volt Vqjt), as shown in Fig. 7. Where greater speed is 
required of the COS/MOS system, it can be operated with 
V D d at the ECL ground and V§<j at -12 volts. In the latter 
case, a 1N914 diode clamps the COS/MOS output to V££ as 
shown in Fig. 8. At supply voltages greater than 6 volts, a 
COS/MOS buffer should not be used, as over-dissipation will 
occur in the buffer. 


45 V 



Fig. 7— 10k ECL to COS/MOS and COS/MOS to lOk-ECL interface. 


0 V 



-12 V -5.2 V 


920 24639 

Fig. 8-C0S/M0S at 12 volts to lOk-ECL interface. 

COS/MOS to NMOS 

The increasing use of n-channel MOS memories means that 
interfaces between COS/MOS and NMOS are now common. 
In a system of lk memories, such as the type 2102, which 
employ peripheral COS/MOS circuitry for address, read/write, 
chip select and data handling, the COS/MOS circuitry can be 
supplied from the 5 -volt power supply of the memory. Inputs 
to the memory are then COS/MOS compatible, and direct 
interface is permitted. The data output requires only a single 
pull-up resistor, Rx, as shown in Fig. 9, to ensure an 
acceptable high-state output voltage. 


0 V 45 V 0 V 



45 V 


Fig. 9— Direct interface between COS/MOS and 
alk memory, type 2102. 

A 4k -bit, dynamic, n-channel RAM, such as the 2107A, 
has +12-volt and -5-volt supplies as well as the +5-volt Vqq 
supply, as shown in Fig. 10. The COS/MOS peripheral cir- 
cuitry in this system is probably best operated from the +12- 
volt supply, ensuring good speed characteristics and noise 
immunity. The 5-volt input signals to the memory are pro- 
vided by CD4050A buffers powered by the 5-volt Vqq 
supply. The 12-volt-swing chip-enable signal is directly com- 
patible with the 12-volt COS/MOS system. The data output 
uses a single transistor to generate the required 12-volt logic 
swing; memories added to provide an increase in word 
capacity are wire-OR’ed at the data output pin of the memory. 



Fig. 10— COS/MOS to n-channel dynamic-RAM interface. 


COS/MOS to PMOS 

Silicon-gate PMOS static shift registers operating from 
+5 -volt and -12-volt supplies are directly compatible with a 
: COS/MOS system operating from the +5 -volt supply with 
Vgg at zero volts. The only additional component required 
is a clamp diode to Vgg on the data output, as shown in Fig. 
11, because the unloaded PMOS output voltage will go 
negative in the low output state. 


0 V 4-5 V -12 V 



Fig. 1 1— COS/MOS to PMOS static-shift-register interface. 


COS/MOS to Industrial and Power-Control Circuits 

Industrial control systems employ greater logic swings 
than IC logic systems, such as COS/MOS, to achieve high 
noise immunity and to enable them to operate from readily 
available high-voltage supplies and to interface with electro- 
mechanical equipment. 

Fig. 12 shows a simple, resistive-divider circuit used to 
interface a system with a 24-volt logic swing to COS/MOS; 
the circuit could readily be modified for even higher voltage 
swings. The capacitor filter enhances the excellent noise 


+ io v 

COS/MOS SUPPLY 



- 92CS-24643 

Fig. 12— Industrial control to COS/MOS interface. 

immunity of the COS/MOS logic, and the two clamp diodes 
ensure that the input signal voltage is between Vqjj and 
Vgg. An alternative circuit using a zener diode is shown in 
Fig. 13. 

A single-transistor level-converter interfaces a COS/MOS 
device to an industrial control system, as shown in Fig. 14. 
The transistor is driven directly from the COS/MOS device 
output (Fig. 23 describes the method of calculating the 
values of the resistors needed in Fig. 14). 




The slow pulse edges typically found in an industrial 
control system can be speeded up in the COS/MOS system by 
a Schmitt-trigger circuit, the CD4093B, Fig. 15(a). At a 
VpD of 5 volts, Vji is typically 0.6 volt, Fig. 15(b). 



Fig. IS- la) COS/MOS Schmitt-trigger, (b) typical waveforms 


for Schmitt-trigger. 

A high-power coil, such as the solenoid of a printer 
hammer, which requires about 1 ampere at 70 volts, may be 
driven from a COS/MOS system by using a Darlington 
transistor as shown in Fig. 16. A typical value of Vg£ for a 
type 2N6385 transistor is 1.5 volts at a collector current of 
1 ampere and a minimum gain of 1000, so that the output 
source transistor of the CD4073B has to supply 1.5 milli- 
amperes. The value of resistor R is chosen so that Vpg is 
sufficient to guarantee this output current. Suitable values 
of R for use with a B-type device are given in Fig. 16 for a 
V D d of 5, 1 0, and 1 5 volts. 



Fig. 16— COS/MOS system driving a printer-hammer solenoid 
with the aid of a Darlington transistor. 
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Power-control SCR’s and triacs may also be driven Fig. 21 shows a CA741-type op-amp operated between 

directly by COS/MOS outputs. A sensitive-gate SCR, such as v DD and V S g with a resistive divider on the non-inverting 
the 106B1, may be controlled directly by a COS/MOS gate, op-ampmput. 
such as the CD4069B, and thus be able to control directly 
2.5 amperes at reverse voltages up to 600 volts, as shown in 



Fig. 1 7-COS/MOS directly driving a sensitive-gate SCR. 

SCR’s and triacs with gate currents in the milliampere 
region may be controlled by a buffer, such as the CD4049A. 
This buffer could, in turn, be controlled by a COS/MOS 
system or, as in Fig. 18, by an opto-coupler to provide 
greater isolation. 


+ 12 V V + 



Fig. 21 -Interface of op-amp and COS/MOS with common supply rail. 

COS/MOS Driving Displays 

Digital systems now employ a great variety of digital 
displays, so that their interface to COS/MOS is a common 
requirement. 

COS/MOS TO LED'S 

LED’s may be driven directly from a COS/MOS buffer, 
such as the CD4050A shown in Fig. 22, at a drive current of 15 
milliamperes if a power supply of approximately 10 volts is 
available. 

Seven-segment LED displays connected in either common 
anode or common cathode configurations may be driven at 
supply voltages as low as +5 volts by the seven-transistor 


NOR GATES 

ORAIN-TO-SOURCE VOLTS (V os ) 

-15 -12.5 -10 -7.5 -5 -2.5 0 



Fig. 24-CD4001 A— typical p-channel drain characteristics. 


V DD Vcc 



V DD~ V 0S~ V BE : ~ V LED 
J LED 


Fig. 18-High-voltage logic to COS/MOS driving an SCR. 

In cases where a single-gate output source or sink current 
proves insufficient, it is possible to parallel the inputs and 
outputs of gates on the same chip, as in Fig. 19. Gates not on 
the same chip and buffer circuits should not be operated in 
parallel as over-dissipation may result. 



Fig. 19— Paralleling inputs and outputs. 


Interfacing Op-Amps to COS/MOS 

COS/MOS circuits may be connected directly to the out- 
put of an op-amp operating between the normal ±1 5-volt 
supply rails, as in Fig. 20, provided clamp diodes to Vpp and 
Vss are used to ensure that the COS/MOS input voltage does 
not go outside the range Vg^to Vpj). Resistor R3 limits the 
op-amp output current should the op-amp output voltage tend 
toward the negative rail. 


arrays CA308I and CA3082. Fig. 23 shows one of the seven 
transistors of the CA3081 with an LED load. The figure also 
shows the method of calculating R^ and R c . The base drive 
current available depends on the CD4000A Series device used 
and the values of Vqq and Vp<j. As shown in Fig. 24, the base 
drive current increases with both Vpj) and Vd§. Fig. 25 
shows one of the seven transistors of the CA3082 driving a 
common-cathode LED. The method of calculating the value of 
emitter resistor Rg is also shown in Fig. 25 . 



V ss * 0 VOLT 


v D0(MIN) ~ VDS(MAX) ~ V BE(MAX) 
IclMAXJ^CMIN) 




Fig. 25-COS/MOS driving a transistor with a common-cathode- 
connected LED load. 


COS/MOS TO LCD 

Seven-segment liquid-crystal displays may be driven directly 
by COS/MOS circuits CD4054A, CD4055A or CD4056A, as 
shown in Fig. 26. These circuits contain the internal level- 
shifting circuitry needed to convert the typically 5-volt input 
logic-level swing to the 30-volt peak ac signal required to 
drive the dynamic-scattering LCD. 



Fig. 26-Using the CD4055A to drive a liquid crystal. 


COS/MOS TO GAS-DISCHARGE DISPLAY 

The popular seven-segment gas-discharge display requires 
a cathode drive current that varies from segment to segment. 
Manufacturers supply drivers which are COS/MOS compatible 
at their inputs so that they can interface a COS/MOS system to 
the gas-discharge display without additional circuitry. 
REFERENCE 

1 . “COS/MOS Digital Integrated Circuits”, RCA DATABOOK 
Series SSD-203B, 1975. 
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Applications of the RCA-CD4093B 
COS/MOS Schmitt Trigger 


by D. J. Blandford 

This Note describes the characteristics and some typical 
applications of the CD4093B COS/MOS quad two-input NAND 
Schmitt Trigger. The CD4093B may be used in all applications 
in which the logical NAND function is required and, in addition, 
in a whole range of timing, waveshaping, and interfacing appli- 
cations in which the Schmitt Trigger action on the inputs 
is utilized. 

CHARACTERISTICS 

The CD4093B consists of four Schmitt triggers in a fourteen- 
pin package. Each of the four devices is a two-input NAND 
gate with Schmitt action on each input, yielding a typical 
hysteresis voltage of 2.0 volts with a 10-volt supply without 
the need for any external components. In addition, the 
CD4093B is compatible, pin for pin, with the popular 
CD4011A quad NAND gate, has the balanced and standard- 
ized output drive of the 18-volt COS/MOS “B” series types, 
and has low propagation delay and very low power dissipation. 
Table 1 summarizes these characteristics. 


If now the input voltage is reduced, the output stays low 
(Vss) until Vn is reached. At this point the output goes high 
(Vdd) an< * re mains high as the input voltage is reduced to zero 
(^SS)- The hysteresis voltage is the difference between Vp and 
Vn and is typically 0.6 volt for a 5-volt Vdd and 2.0 volts for 
a 10-volt Vdd_ 



Fig.2 — Transfer characteristic of the CD4093B. 


TABLE I 

Static and Dynamic Electrical Characteristics at 25° C 



Fig.l shows the functional diagram of the Schmitt trigger; 
note that each input has the standard COS/MOS input pro- 
tection network and that each output is double buffered. 


1(5.8,12) 

2(6.9.13)1 




V DD 



V SS 92CS-2388I 

Fig. 1 - Functional diagram of the CD4093B, COS/MOS Schmitt trigger. 
One of four Schmitt triggers is shown. 

Fig.2 shows the transfer characteristic of the Schmitt 
trigger. The general shape of this characteristic is the same 
for all values of Vdd. but the relative values of Vp.Vn and 
Vh change with Vdd as shown in the data sheet. As the input 
voltage is increased from zero (Vss), the output remains high 
(Vdd) until Vp is reached. At this point the output goes low. 
(Vss) ar >d remains low as the input voltage is raised to VdD- 


Fig.3 shows a graph of the typical hysteresis voltage Vh as a 
function of supply voltage Vqq. 

Fig.4 shows the input/output characteristics of the CD- 
40938; the output characteristic shown is the same for any 
COS/MOS output, including the Schmitt trigger. The input 
characteristic is unique to the Schmitt trigger and shows that, 
when driven by another COS/MOS device, the Schmitt trigger 
has more than 50-percent noise immunity in each state. 



Fig.3 — Typical percent hysteresis vs supply voltage. 


Figs.5 and 6 show measurements of voltage and energy 
noise immunity for the Schmitt trigger. Fig.5 shows, for 
example, that for a Vdd of 5 volts, the noise immunity in each 


COS/MOS CD4093B 



Fig. 4 — Input and output characteristics. 


state exceeds the supply voltage (5 volts) for pulses shorter 
than 200 nanoseconds. The energy noise immunity plotted 
in Fig.6 against pulse width, is the product of noise-pulse volt- 
age, noise-pulse time, and the appropriate value of the output 
drive current for the device under test. The units of energy are 
nanojoules (10'9 Joule). At each value of the supply voltage 
the curve has a minimum value. Inspection of Fig.6 shows that 
the value of the minimum energy noise immunity increases 
with increasing Vdd, and occurs at a lower value of noise- 
pulse width. 
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Fig.5 — Voltage noise immunity of the CD4093B. 


Another important property of the Schmitt trigger is 
illustrated in Fig.7, which compares the supply current taken 
by the CD4093B with that of the CD401 1A, with a long rise- 
and fall-time input. The power dissipated by the Schmitt 
trigger is clearly much less than that dissipated by the quad 
NAND gate, so that the Schmitt trigger should be used in appli- 
cations in which slow input edges are anticipated. 

APPLICATIONS 

The application of the CD4093B COS/MOS Schmitt trigger 
in situations which require the logical NAND function and in 
timing, waveshaping, and interfacing applications in which the 
Schmitt trigger action on the inputs is utilized are discussed 
below. 
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Fig. 6 - Energy noise immunity of the CD4093B. 



Top vertical — 5V/Division 
Lower vertical — 2mA/Division 
Horizontal — 0.2/Division 



Top vertical — 5V/Division 
Lower vertical — 2mA/Division 
Horizontal - 200ms/Division 


Fig. 7 — Power consumption with slow input edge; a comparison of the 
CD4093B with the CD401 1A. 


Waveshaping 

Sine Wave to Square-Wave Converter — Fig.8 shows a typical 
application of the Schmitt trigger, the sine-wave to square- 
wave converter. The sine input is ac coupled by capacitor 



Fig.8 — Sine-wave to square-wave converter. 

C; Rj and R 2 bias the input midway between Vn and Vp, the 
input threshold voltages, to provide a square wave at the output. 

Slow Edges — Slow edges are a common phenomenon in digital 
systems; for example, at the output from a transducer, at the 
end of a long line; or an output with large capacitive load, or 
on the output of a filter. The Schmitt trigger is particularly 
useful in generating a waveform with fast edges in these 
applications, see Fig.9. 



CD4093BE: 

2V/Division 

2ms/Division 


Fig.9 - Sharpening up a slow edge. 


With an input, edge time of 1 second and an output tran- 
sition time of 100 nanoseconds, the improvement in edge time 
is a factor of 10?. With longer input edge times the improve- 
ment is even greater. 

Timing — In general, timing circuits use external resistors and 
capacitors to provide time constants. The advantage of the 
CD4093B COS/MOS Schmitt trigger in these applications is 
that the very high input impedance permits the designer to 
use high values of timing resistance. Therefore, long delay 
times may be produced with moderate values of capacitance, 
and small, low-cost capacitors may be used for short and 
medium time delays. 

Edge Delays — In the circuit of Fig.10, the output falling edge 
is delayed with respect to the input leading edge by a time td + 
given by: 


td + = RC In 


V DP 

VDD-Vp 


When the input goes high (Vqd) the capacitor charges up 
towards Vp>[) through R. When input B reaches Vp, the out- 
put goes low (Vgs). As soon as input A goes low, the output 
goes high. 



Fig. 10 — Delay on leading edge. 


By connecting one input to Vg)D, as in Fig.l 1, both edges 
are delayed, because now, when input A goes low, output C 
remains low until capacitor C discharges to Vn. At this time, 
the output goes high. td_ is given by: 

VDP 

td_ = RC In-— 



92CS-2593I 

Fig. 1 1 — Delayed pulse. 


Both edges may be separately delayed by connecting 
different RC timing components to each input, as in Fig. 12. 
Now td + and td_ are given by: 

VPD 

td + = R 2 C 2 ln V DD - Vp 
id. =R|C,ta 

Vn 




Fig. 12 — Separate delay to each edge. 

Edge Detector — Fig. 13 shows a circuit that provides a short 
negative-going output pulse for every positive-going edge at 
the input. The input waveform is coupled to the input by 
capacitor C; the pulse length depends, as before, on R and 
C. If a negative going edge detector is required, the circuit 
of Fig. 1 4 should be used. 



Fig. 13 — Rising-edge detector. 
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Power-On Reset 

A reset pulse is often required at power-on in a digital logic 
system. This type of reset pulse is ideally provided by the cir- 
cuit of Fig. 15(a). Because of the high input impedance of the 
Schmitt trigger, long reset pulse times may be achieved without 
the excess dissipation that results when both output devices are 
on simultaneously, as in an ordinary gate device, Fig. 15(b). 



(a) (b) 

92CS-2S935RI 

Fig. 15 - Reset circuit; a comparison of the CD4093B with the CD401 if. 


associated waveforms. Before power is applied, input and out- 
put are at ground potential and capacitor C is discharged. On 
power-on, the output goes high (Vdd) and C charges through 
R until Vp is reached; the output then goes low (Vss). C is 
now discharged through R until Vn is reached. The output 
then goes high and charges C towards Vp through R. Thus 
input A alternately swings between Vp and Vn as the output 
goes high and low. One important advantage of this circuit 
is that the oscillator is self-starting at power-on. 

The oscillator period is given by: 

t~t\ + T 2 

where Vdd — Vn 

T l =RC,n V DD — Vp 

and 


T 2 = RC In 


Vp 

W 


In general tj # t-j, so that to get a 1:1 ; mark-to-space ratio 
the circuit of Fig. 17(a) should be used. When the output is 


low in the circuit of Fig.17, C is discharged through Rj in paral- 
lel with R 2 , which shortens 72 . If R 2 is much smaller than R j , 
short, negative-going pulses are produced, as in Fig. 17(b). 






Fig. 17 — Astable oscillator with controlled mark-to-space ratio. 


Astable Oscillators 

A range of astable oscillators may be easily constructed by 
using the CD4093B. Fig. 16 shows the basic circuit and its 


1/4 C04093B 



92CS-25936 

Fig. 16 — Astable multivibrator. 


In the circuit of Fig. 18 the oscillator is gated by signal C 
on the second input of the CD4093B. The oscillator output 
is high while the gating signal is low; the oscillator then osc- 
illates with the period r, given above, while the gating signal 
is high. 

Interfacing 

The noise immunity of the COS/MOS NAND Schmitt 
trigger is very high, typically greater than 50 percent of Vdd 
in each state, as shown in Fig.4. Therefore, it is ideally 
suited to circuitry that requires a very high noise immunity. 
Because of the hysteresis built into the Schmitt trigger, it can 
tolerate noise on a slow input edge without false switching at 
the output, as shown in Fig. 19. This noise performance per- 
mits the construction of an ideal interface from an industrial 
environment to a COS/MOS logic system, as shown in Fig.20. 
The CD4093B will function correctly under the most severe 
conditions of input overvoltage and in spite of noise spikes of 
up to hundreds of volts. . The input is kept between Vss and 
Vdd by Dj and D 2 with Rj, typically 220 kilohms, as a 
current-limiting resistor. Resistor R 2 ties the logic input to 



ON 92CS- 25938 

Fig. 18 - Gated astable oscillator. 



2V/Division 

2ms/Division 


92CS-26637 


Fig. 19 — Rejection of noise on slow input edge. 


V DD 



* SAME AS OTHER INPUT. 


92CS— 25939RI 

Fig.20 — industrial-environment to COS/MOS interface. 

Vss should the interface input be open-circuited by the re- 
moval of a PC board from a system, for example. Capacitor 
C], with Rj, acts as a filter and enhances the noise-rejection 
properties of the interface. 
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Astable and Monostable Oscillators 
Using RCA COS/MOS 
Digital Integrated Circuits 

by o v od 

D. V. DiMassimo & l ^ 
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COS/MOS integrated logic circuits are 
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being widely used in digital and other appli- 
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cations because of their high noise immunity, 
extremely low power dissipation, and toler- 
ance to wide variations in power-supply 
voltages and operating temperatures. In ad- 
dition, because their high input impedance 
makes it possible to obtain large time 
constants without the use of large capacitors, 
COS/MOS gates can provide cost and size 
reductions in multivibrator circuits. 1 

This Note describes several techniques 
that may be used to compensate for the 
normal threshold variation of MOS devices 
in the design of stable multivibrator circuits 
operating at frequencies up to 1 MHz. The 
circuits shown can be formed by the use of 
COS/MOS inverters or COS/MOS NAND or 
NOR gates connected in an inverter con- 
figuration. NAND and NOR gates perform 
the inverter function when all of the gate 
inputs are tied together. This Note also 
describes various applications for COS/MOS 
multivibrator circuits: voltage-controlled os- 
cillators, voltage-controlled pulse-width cir- 
cuits, phase-locked voltage-controlled oscil- 
lators, frequency multipliers, and modulator/ 
demodulators (envelope detectors). 

Astable Circuits 

The circuits shown in Fig. 1 are those of 
astable multivibrators that use two COS/MOS 
inverters (which may be taken from standard 
RCA COS/MOS parts such as the CD4069B, 
CD4007A, CD4001 , or CD4011). Fig. 2 
shows the related waveforms. This simple cir- 
cuit requires only two resistors and one ca- 
pacitor and operates in the following manner. 
Resistor R s , connected in series with the input 
of the first inverter, limits the current 
through the input protection circuit, Fig. 3. 
In operation, the input to the first inverter 
is clamped at one diode drop above or 
one diode drop below V^g. Depending on 
the output levels of the two inverters, at any 
instant C will be either | charging or dis- 
charging through R. When the voltage at 
point 2 in the circuit passes through the 
transfer voltage level of the first inverter, 
this inverter switches and causes the second 
inverter to switch. The voltage at this point 


, V DD 

1/2 CD400I 



Fig. 2 — RC-oscillator operating waveforms. 



92CS -27376 

Fig. 1 - Astable multivibrator circuits that 
employ two COS/MOS inverters. 



Fig. 3 — Diode protection circuit. 
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Fig. 4 - Discrete RC-oscillator time period as a function of transfer voltage. 



Fig. 5 — Discrete RC-oscillator time period as a function of constant, k. 
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is allowed to switch well above Vpj) and 
below Vgg because of R^ The large swing 
reduces the effects of variations in transition 
voltage (Vyj^). The variable characteristics of 
the input protection circuit and their effect 
on stability are greatly reduced because of 
R s- 

The equation for the period, T, of the cir- 
cuits in Fig. 1 is given by Eq. 1 : 2 

(V T r)(V D d v TR ) 

T= — RC In 

<V DD + V D )2 

(K > RC ln H |VpD * V D I 

(K+l) K |V DD + V TR ] + [V TR V D ] 

(K ) K[V DD + V D | 

R C In 

(K+l) K 1 2 V DD V TR ] + |V DD V TR - V D ] (1) 

where K = ^s. 

R 

With the equation in this form it is easy 
to see that as K approaches infinity the 
variation in period as a function of Vj)D is 
reduced to zero. This result is shown in 
Fig. 4, where period as a function of trans- 
fer voltage is plotted for various values of 
Vdd and K, and in Fig. 5, which shows 
period as a function of K for various values 
of Variation in period with transfer 

voltage is also reduced as K increases. This 
variation decreases from 10 percent for 
K = 0 to approximately 5 percent as K 
becomes large. 

There are some limitations on the value of 
Rg. It must not be made too large since a 
time constant and phase shift is produced by 
Rg and stray wiring and breadboard ca- 
pacitance. This shift creates a switching de- 
lay in the circuit that changes the time 
period and, in addition, may cause spurious 
oscillations and glitches in the multivibrator 
circuit. A reasonable value for K would be 
anywhere from 2 to 10, with maximum and 
minimum values for Rg determined by the 
above considerations. 

Table I shows data measured when typical 
units were employed in the circuits of 

Fig. 1. Fig. 6 shows a typical transfer 
characteristic as a function of temperature. 
The curve shows that there is very little 
change in characteristic from low to high 


TABLE I - FREQUENCY VARIATIONS OF ASTABLE MULTI- 
VIBRATORS UNDER NORMAL CONDITIONS 



Vtr© 

V DD -10V 

(VI 

PERIOD (m*) 

UNIT 

NO. 

CD4069B 

V DD - 5 V 

V DD -10V 

V DD -15V 

1 

5.27 

0.988 

1.03 

1.07 

2 

5.19 

0.988 

1.04 

1.06 

3 

5.58 

0.990 

1.03 

1.07 

4 

5.26 

0.990 

1.03 

1.07 

5 

5.25 

0.991 

1.03 

1.07 

UNIT 

v tr© 

V DD - 10 V 
(V) 

CD4001A 

NO. 

V DD - 5 V 

V DD - 10 V 

V DD -12V 

1 

4.08 

0.998 

1.00 

1.00 

2 

3.92 

0.982 

0.986 

0.990 

3 

4.76 

0.979 

1.01 

1.01 

4 

4.07 

0.974 

0.962 

0.962 

5 

4.42 

0.965 

0.981 

0.991 

UNIT 

v tr© 

V DD -10V 

(V) 

CD4011A ! 

NO. 

V DD - 5 V 

V DD - 10 V 

V DD «12V 

1 

5.41 

1.01 

1.02 

1.03 

2 

5.08 

1.00 

1.03 

1.04 

3 

5.76 

0.9900 

1.00 

1.01 

4 

5.98 

0.983 

0.996 

1.01 

5 

5.24 

0.996 

1.00 

1.00 


R s = 0.82 M, R = 0.43 M. C = 910 pF. T = 25°C 


temperature. Because the oscillators can 
also tolerate changes in transfer characteristic 
without frequency instability, they require 
no thermal compensation. The frequency at 
— 55°C is extremely close to that at +125°C. 



MCS-2TSTS 

Fig. 6 — Transfer characteristic as a function 
of temperature. 


Table II shows data measured on typical 
units at temperature extremes. Theastable 
multivibrators shown in Fig. 1 can be gated 
on and off by use of a NOR or NAND gate 
as the first inverter, as shown in Fig. 7. 


TABLE II - FREQUENCY VARIATIONS OF ASTABLE MULTIVIBRATORS AT TEMPERATURE EXTREMES 


UNI1 

PERIOD (m) [ 

CD406BBE 

CD4O01AF 

CD4011AF 

vdd- 

5 V 

vdd- 

10 V 

v DD - 

15 V 

V DD 

5 V 

V DD 

10 V 

V DD “ 

12 V 

V DD“ 

5 V 

V DD “ 

10 V 

V DD “ 

12 V 

NO. 

— 55°C 

6o°C 

-55° C 

85°C 

— 55°C 

88° C 

-58° C 

125“C 

-55°C 

125*0 

— 55°C 

125*C 

—56*0 

12S°C 

—56* C 

125 0 C 

— 55°C 

12S°C 

1 

0.960 

0.974 

0.993 

1.011 

1.023 

1.047 

0.930 

0.924 

0.934 

0.931 

0.936 

0.943 

0.937 

0.937 

0.950 

0.955 

0.958 

0.960 

2 

0.961 

0.974 

0.997 

1.011 

1.033 

1.045 

0.926 

0.929 

0.947 

0.947 

0.953 

0.956 

0.931 

0.934 

0.942 

0.944 

0.951 

0.956 

3 

0.965 

0.975 

0.992 

1.010 

1.028 

1.044 

0.914 

0.902 

0.926 

0.918 

0.929 

0.920 

0.925 

0.927 

0.946 

0.949 

0.958 

0.960 

4 

D.961 

0.973 

1.000 

1.011 

1.033 

1.045 

0.914 

0.903 

0.929 

0.923 

0.936 

0.935 

0.933 

0.931 

0.948 

0.943 

0.950 

0.949 

5 

jo.963 

0.975 

0.994 

1.009 

1.029 

1.043 

0.930 

0.923 

0.9S5 

0.930 

0.966 

0.938 

0.934 

0.933 

0.953 

0.955 

0.962 

0.963 


R, = 0.82 M. R = 0.43 M. C = 910 pF. 



Fig. 7 — Astable multivibrator in which a NOR 
or NAND gate is used as the first inverter 
to permit gating of the multivibrator. 

Compensation For 50-Percent Duty Cycles 

The variation in transfer voltage described j 
above affects the output-pulse duty cycle, , 
as shown in Fig. 8. A true square-wave pulse 
is obtained only when the transfer voltage 
occurs at the 50-percent point. However, the 
duty cycle can be controlled if part of the 
resistance in the RC time constant is shunted 

© [riTUJTlJ 

© v r * VD - 

V SS" V D 

© LOUTLIJl 


92CS-27380 

Fig. 8 — Waveforms showing effects of transfer 
voltage on multivibrator frequency. 

out with a diode, as shown in Fig. 9. Be- 
cause adjustment of this diode shunt to 
obtain a specific pulse duty factor causes 
the frequency of the circuit to vary, a 
frequency control, R 3 , is added to compen- 
sate for this variation. It may also be 
necessary to reverse the diode to obtain the 
desired duty factor. The frequency of any of 
the circuits shown can be made variable by 
replacing the timing resistor with a potentio- 
meter. 

Jitter In Astable Circuits 

When using the astable circuits described 
above with other equipment and/or circuits 
that require off-the-board connections, some 



Fig. 9 — Astable multivibrator in which a duty- 
cycle control is added. 
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jitter in the output waveform may be 
encountered. This jitter is introduced into 
the circuit by noise picked up by the 
connecting cables and board capacitance 
and stray wiring. This problem can be 
corrected with the addition to the circuit 
of an inverter, as shown in Fig. 10, that 
isolates the frequency determining circuit 
nodes from pickup by the output node. The 



1/2 CD4069B 

92CS-27382 



Fig. 12— Compensated monostable multivibrator 
circuit. 

inverter A, and the output of inverter B be- 
comes low. As| capacitor C ^discharges nega- 
tively, it charges through resistor Rq to the 


Fig. 10 — Astable multivibrator circuit with 
buffered output. 

output to the astable circuit is then taken 
from the output of the added inverter. 

Monostable Circuits 

Fig. 1 1 (a) shows a basic one-shot circuit 
that uses a single RC time constant. This 
circuit operates well provided it is adjusted 
to the COS/MOS unit used. If no adjustment 
is made, the period T can vary from unit to 
unit by -40 percent to +60 percent if the 
transfer voltage varies by ±33 percent, as 
shown by the waveforms in Fig. 1 1(b). 

The use of some resistance r, Fig. 11, is 
generally advisable to limit the current if 
Vdd is greater than 5 volts. 



© _n_ 

© -|_r 
© t- 

© _n 

H 

Fig. 11 — Basic one-shot multivibrator circuit: 

(a) circuit diagram, (b) waveforms. 

Compensated Monostable Circuit 

Fig. 12 shows a compensated monostable 
multivibrator type of circuit that can be 
triggered with a negative-going pulse (Vdd 
to ground). In the quiescent state, the out- 
put of inverter B is high. When a negative- 
going pulse or spike is introduced into the 
circuit, as shown in the waveforms of 
Fig. 13, capacitor Cj becomes negatively 
charged to ground and the output of inverter 
A becomes high. Capacitor C 2 then charges 
to the value of Vdd through diode Dj and 


-V tr .67%0F Vo, 
"V, r »33% OFVod 


h~ VARIATION IN 
TIME PERIOD 



92 CS- 27383 

Fig. 13 — Voltage waveforms for monostable 
multivibrator circuit when a 
negative-going trigger pulse is 
applied. 

value of Vdd (waveform 2). The output of 
inverter A remains high until the voltage 
generated by the charging of Cj is equal to 
the transfer voltage of inverter A (i.e., until 
the waveform generated by the charging of 
Ci passes through the transfer-voltage curve 
of inverter A); at that instant the output of 
inverter A becomes low. Diode D] tempo- 
rarily prevents the discharge of capacitor C 2 , 
which was charged when inverter A was 
high (waveform 3). Capacitor C 2 then com- 
mences to discharge to ground through 
resistor R 2 (waveform 4). The output of 
inverter B remains low until the voltage 
generated by the discharge of C 2 becomes 
equal to the voltage at the voltage transfer 
point of inverter B (i.e., until the waveform 
generated by the discharge of C 2 passes 
through the transfer-voltage point of inverter 
B); at that point the output returns to its 
high state (waveform 5). 

The advantage of using two inverters 
fabricated on the same chip is that they 
have similar transfer voltages. When two 
equal RC time constants are used (R^Cj = 
^■ 2 ^ 2 )’ e ff ects °f variations in transfer 
voltage from device to device are effectively 
cancelled out, as shown in Fig. 14. Eq. (1) 
can be used to show that the maximum 
variation in the time period T is less than 
9 percent. The total time for one period, 


Tj , is approximately 1 .4 times RjCj . 

Unlike the astable circuit, which shows 
little variation in frequency over the temper- 
ature range from — 55°C to +125°C, the 
monostable multivibrator shows some change 
in time period; the variation is less than 10 

© _n 



— — V tr « 67% OFVod 
V|, • 33% OF V 0D 


^V, r -67% OF Voo 
j'^'V»,*33%0F Vdd 


92CS-273B6 

Fig. 14 — Waveforms showing the cancelling effects 
of transfer-voltage variations of the two 
COS/MOS inverters when two equal time 
constants are used. 


percent. Table III shows data measured on 
five units over the temperature range cited 
above. At 25°C, the variation in the time 
period T from unit to unit is very small, 
usually less than 5 percent at a Vdd °f 
volts. 

The output from inverter B can be held 
in the low or zero state as long as the 
R 2 C 2 time constant is reinforced by another 
triggering pulse before the discharge wave- 
form it generates passes through the transfer- 
voltage point of inverter B. 

Diode D 2 in Fig. 12 is internal to the 
COS/MOS circuit. As discussed for the 
astable oscillator, it is part of the input 
protection circuit shown in Fig. 2, and 
clamps the input at Vdd- 

Figs. 15 and 16 show two variations of 
the monostable circuit together with their 
associated waveforms. The circuit of Fig. 1 5 
triggers on the negative-going excursions of 
the input pulse in the same manner as the 
circuit of Fig. 12. The output pulse is 
positive-going and is taken from the first 
inverter. This circuit does not need an 
external diode. The circuit of Fig. 16 triggers 
on the positive-going excursion of the input 
pulse, and then locks back on itself until the 
RC time constants complete their discharge. 
The circuits of Figs. 15 and 16 cannot be 
retriggered until they return to their quiescent 
states. 

Low Power Monostable Circuit — The 

monostable circuits discussed thus far dissi- 
pate some power because one or both of the 
inverters are on during the charging or dis- 
charging of the capacitor. This power dissi- 
pation will be extremely low provided the 
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TABLE III - FREQUENCY VARIATION OF MONOSTABLE MULTIVIBRATORS OPERATING AT THREE TEMPERATURES 




(b) 

92CS- 27387 


Fig. 15 — Monostable multivibrator that is triggered by a negative-going input pulse: 
(a) circuit diagram , (b) waveforms. 


“one-shot” pulse width is short compared to 
the overall cycle time. Fig. 17 shows the 
current waveform associated with the circuit 
of Fig. 12. This waveform is very wide at 
the base, and some current flows for approxi- 
mately twice the time period. 



92CS-27389 


Fig. 17 — Current waveforms for the diode-compen- 
sated multivibrator shown in Fig. 12. 

Fig. 18(a) shows a circuit using the 
CD4007A. This device dissipates much less 


V DD 






CURRENT 

92CS- 27390 

Fig. 18 — Low-power monostable multivibrator: 
(a) circuit diagram, (b) waveform. 

power than the other circuits shown but is 
not as stable; circuit operation is described by 
the waveforms in Fig. 18(b). In the quiescent 
state, the p-channel transistor of the first 
inverter is biased off while the n-channel 
transistor (which derives its control from the 
output of the second inverter) is biased on. 
Therefore, the output at C is low, and that 
at D is high. When! a negative-going pulseTs 
introduced into the circuit through capacitor 
C], the p-channel device is turned on. 
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Capacitor, C 2 then charges to V^d, the 
output at D becomes low, and the n-channel 
device of the first inverter is turned off. 
Capacitor C^J immediately begins to charge 
to Vj)£) through Rj (waveform B). The 
p-channel| transistor remains on, keeping 
capacitor C 2 charged to Vj)£) until the volt- 
age generated reaches the threshold voltage 
level and turns the transistor off. The 
n-channel transistor of the first inverter is 
still off because the output of the second 
inverter (waveform D) is still low. When 
the p-channel device of the first inverter 
turns off, capacitor C 2 begins to discharge 
through resistor R 2 (waveform C) to ground. 
As C 2 discharges, the voltage passes through 
the threshold-voltage point of the second 
p-channel transistor, and that transistor be- 
gins to turn on. The voltage then begins to 
rise (waveform D), and the n-channel device 
of the first inverter turns on and provides a 
second discharge path for capacitor C 2 - As a 
result, the output waveform changes state 
from low to high very rapidly to complete 
the cycle. 

The major advantage of the circuit of 
Fig. 18 is its low power dissipation. Because 
the circuit depends on the p-channel tran- 
sistor threshold, the time period T varies 
from unit to unit and with temperature 
variations. Some compensation can be pro- 
vided if the R 2 C 2 time constant is made 
approximately three times larger than the 
R]Cj time constant, as shown in Table IV. 

TABLE IV - FREQUENCY VARIATIONS OF 


MONOSTABLE MULTIVIBRATORS WITH 
TEMPERATURE WHEN R 2 C 2 TIME CON- 
STANT IS LARGE COMPARED TO R,C, 


CD4007A 

UNIT 

NO. 

PERIOD WITH Vqq 

= 10V (ms) 

— 55°C 

25° C 

125°C 

1 

0.740 

0.759 

0.779 

2 

0.740 

0.754 

0.760 

3 

0.730 

0.735 

0.735 

4 

0.750 

0.750 

0.759 


R] = 100K, R 2 = 1 M, r = 36K, Cj = C 2 = 910pF 


Current in the circuit of Fig. 18 can be 
minimized by removing capacitor C 2 so 
that only stray capacitance is present at the 
input of the second inverter. A comparison 
of time-period variations under this condition 
is shown in Table V. Again, the variations 
from unit to unit are caused by differences 
in p-channel transistor threshold. 


TABLE V - FREQUENCY VARIATIONS OF 
MONOSTABLE MULTIVIBRATORS WITH TEM- 
PERATURE WHEN C 2 CONSISTS OF STRAY 
CAPACITANCE ONLY 


CD4007A 

UNIT 

NO. 

PERIOD WITH V DD = 10 V (ms) 

— 55°C 

+25° C 

125°C 

1 

0.121 

0.125 

0.129 

2 

0.110 

0.115 

0.118 

3 

0.120 

0.124 

0.127 

4 

0.103 

0.105 

0.108 


R,= 100K, R 2 = 1M, r = 36K, Cj = 910 pF, C 2 = Stray 


APPLICATIONS 
Voltage-Controlled Oscillators 

Fig. 19 shows a circuit similar to the cir- 
cuit in Fig. 1. C is variable (by adjustment 
of C x ) and R is variable (by adjustment of 
Va). The value of R varies from approxi- 
mately 1 kilohm to 10 kilohms. These 
limits are determined by the parallel combi- 


C D4007A 



NOTE: 

INVERTERS AND n- CHANNEL DEVICE ARE AVAILABLE IN 
A UNCLE COS/MOS PACKAGE : 

I-CD4007 
TYPICAL VALUES: 

R| ■ 10 kA C x « 0.001 - 0.004 /xF 
R $ • 100 Ml OsV A s V 0D 

K USE PROPER SUFFIX TO DENOTE PACKAGE 
REQUIRED - SEE APPENDIX . 

92CS- 22878 R I 

Fig. 19 - Voltage controlled oscillator. 

nation of R1 (10 kilohms) and the resistance 
of the n-channel device, which varies from 
1 kilohm (Ron) t0 approximately 1 0 9 ohms 

(Roff)- 

When = Vg§, the n-channel device is 
off and R = RoFF N R1 , which is approxi- 
mately equal to R1 or 10 kilohms because 
Rqff is ver Y much greater than R1 . When 
Va = Vp)D> the n-channel device is fully 
on and R = Ron ® R1 or approximately 
Rqn> which is equal to 1 kilohm because 
Ron * s ver y much less than Rj . 

The center frequency of the oscillator is 
varied by adjustment of C x . 

Voltage-Controlled Pulse-Width Circuits 

Fig. 20(a) shows a further modification 
of the circuit of Fig. 1(a); in the modified 
circuit the pulse width may be modulated 
by varying Va, but only if R x is sufficiently 
high. As an example: if C = 0.0022 micro- 
farads, R x will be approximately 35 kilohms. 
Lower values of R x have an adverse effect on 


frequency. )IfR x is less than 10 kilohms, 
there is a value of Va that will cause the 
oscillator to cut off. Table VI lists values of 


TABLE VI - PULSE WIDTH AS A FUNCTION OF V A 
AND V DD 


PULSE WIDTH /is | 

v A 

V dd =5V 

V DD = 10V 

V DD = 12V 

0 

30 

28 

28 

0.5 

30 

28 

28 

1.0 

30 

28 

27 

1.5 

28 

26 

27 

2.0 

26 

24 

22 

2.5 

26 

22 

20 

3.0 

- 

21 

20 

3.5 

- 

21 

20 


C = 0.001 5 juF, Period = 55 


pulse width (B in Fig. 20(b)) for various 
values of Va and ^DD* Fig- 20(b) shows the 
waveform for the circuit described. 



C * 0.0005 - 0.0025 pF 
(a I 
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Phase-Locked Voltage-Controlled Oscillator 

The voltage-controlled oscillator, V^q, 
can be operated as a phase-locked oscillator 
by the application of a frequency-controlled 
voltage to the gate of the n-channel device. 
Fig. 21 shows the block diagram of an FM 
discriminator using the phase-locked VCO. 
Block A is the same circuit of Fig. 19. The 
output of the phase comparator is fed to the 
gate of the n-channel device (Va)- If the 
two inputs to the phase / comparator are 
different, the change of Va causes the 
output frequency of the VCO to change, 


^CENTER 



92CS- 27391 

Fig. 21 - VCO used in phase-locked loop. 
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Frequency Multipliers 

Fig. 23(a) shows a frequency doubler. A 
2 n multiplier can be realized by cascading 
this circuit with N-l other identical circuits. 




Fig. 25 — (a) Demodulator circuit, (b) waveforms. 


(a) 


Modulation/Demodulation (Envelope 
Detection) 

Pulse modulation may be accomplished 
by use of the circuit shown in Fig. 24(a). 
This circuit is another variation of Fig. 1. 

Modulation or envelope detection of 
pulse-modulation waves is performed by the 
circuit shown in Fig. 25(a). The carrier burst 
is inverted (by inverter A); its first negative 
transition at point 2 turns on the diode (D) 
to provide a charging path for C through the 
n-channel resistance to ground. On the 
positive transition of the signal (at point 2), 
the diode is cut off and C discharges through 
R. The discharge time constant (RC) is 
much greater than the time of the burst- 
signal period. Point 3, therefore, never 
reaches the switch point of inverter B until 
the burst has ended. The waveforms for 4 
points in the circuit are shown in Fig. 25(b). 

References 

1 . Further information on astable and mono- 
stable circuits using MSI devices may be 
found in RCA Application Note ICAN- 
6230, “Using the CD4047 in COS/MOS 
Timing Applications”, and in the RCA Data 
Sheet for the CD4098 Dual Monostable 
Multivibrator. 

(Note: COS/MOS Hex Buffers CD4009A 
and Quad Buffer CD4041 A are not recom- 
mended for use as multivibrators because 
of very high power consumption in the 
linear mode for long time constants. In 
addition, the hex buffers have a large 
imbalance between I SO urce anc * *sink 
capability, which makes oscillator start-up 
more unpredictable.) 

2. For the derivation of this equation, see 
RCA Application Note ICAN-6230, “Using 
the CD4047A in COS/MOS Timing Appli- 
cations.” 



No. 1 and the NAND gate, produces a pulse 
at the output. The trailing edge of the input 
pulse, after having been inverted, is differ- 
entiated and applied to input No. 2 of the 
NAND gate; it produces the second output 
pulse from the NAND gate. The waveforms 
for five points in the circuit are shown in 
Fig. 23(b). 


Fig. 23 — (a) Frequency-doubter schematic, 
(b) waveforms. 
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Guide to Better Handling and Operation 
of CMOS Integrated Circuits 


by J. Flood and H. L. Pujol 


This Note recommends specific handling 
and operating practices that minimize the 
probability of damage to CMOS integrated 
circuits in the manufacturing operation and 
the field environment. 

A description of various gate-oxide net- 
works that protect against electrostatic dis- 
charge in both A-series and B-series RCA 
COS/MOS product is provided. A practical 
explanation of the SCR latch-up mechanism 
and its associated failure mode is given. In 
addition, operating procedures that help pre- 
vent device malfunction are described. 

HANDLING CONSIDERATIONS 

All CMOS devices are susceptible to dam- 
age by the discharge of electrostatic energy 
between any two pins. The gate input is 
equivalent to a small, low-leakage capacitor 
(5 picofarads typical) in parallel with a very 
high resistance ( 1 01 2 ohms typical). This 
extremely high input impedance lends itself 
readily to the buildup of electrostatic charges. 
Therefore, because the gate-oxide breakdown 
of a CMOS device is typically 80 volts, dam- 
age by high levels of electrostatic discharge 
can occur. 

To protect the gate oxide against high 
levels of electrostatic discharge, protective 
networks are implemented on all RCA CMOS 
(COS/MOS) devices, as described below. 

Standard Protection Networks 

Fig. 1 shows the standard protection net- 
work incorporated on all A-series devices 



02 a 50 V 

* THESE DIODES ARE INHERENTLY PART OF THE 
MANUFACTURING PROCESS. 

92CS- 27964 

Fig. 1 — Standard protection network. 


and some B-series devices. Input-diode D2 
is a distributed resistor-diode network that 
appears as two diodes to Vj)E). 

Improved Protection Network 

Fig. 2 shows the improved protection 
network incorporated on most new 
B-series devices as well as on all A-series, 
B-converted types. 



R2«RI 

* THESE DIODES ARE INHERENTLY PART OF THE 
MANUFACTURING PROCESS. 

92CS -27965R2 

Fig. 2 — Improved protection network. 


Other Protective Networks 

Fig. 3 shows the modified protective 
network for a CD4049/4050 buffer. The 
input diode to Vp)D is not incorporated so 
that the level-shifting function can occur. 



*THESE DIODES ARE INHERENTLY PART OF THE 
MANUFACTURING PROCESS. 

92CS-27966RI 

Fig. 3 — Modified protection network. 

Fig. 4 shows a transmission gate with the 
intrinsic diodes that protect against elec- 
trostatic discharge. 


■M — r 


X. 


n-SUB 

PI 


T 




DIODE BREAKDOWN 


92CS- 27967RI 


* THESE DIODES ARE INHERENTLY PART OF THE 
MANUFACTURING PROCESS. 


Fig.4 — Transmission gate with intrinsic diodes that 
protect against electrostatic discharge. 


The protection networks described in this 
Note were characterized by using the equiv- 
alent body discharge network of Fig. 5. 
There are 1 2 possible combinations by which 
a device can be damaged. A discussion of 
the combinations is beyond the scope of 
this Note; however, Table I shows worst- 
case protection levels for the above networks. 


O — VVv — Q 
\ 


HIGH' 

VOLTAGE 

SUPPLY 

1 


► DEVICE 
UNDER 

► TEST 


C H * HUMAN BODY CAPACITANCE TO GROUND 
R s * BODY SOURCE RESISTANCE 

92CS-279G8RI 


Fig. 5 — Equivalent-body discharge network. 


Additional protection can be obtained by 
adding external series resistors at device 
inputs. The value of this resistance should 
be in the range of 10 kilohms for gate in- 
puts and 1 kilohm for transmission gate 
inputs, where applicable. In addition, 
zener diodes at the output pins can clamp 
the voltage at a safe level. The zener value 
should not exceed the absolute maximum 
rating of the part. 

On-chip protection resistors are not 
used on transmission gates so as to main- 
tain low on resistance. Some recent 
designs, however, do have protection 
diodes to VdD and V§s close to the bond 
pads. The 800-volts worst case capability is 
provided by the intrinsic diodes shown in 
Fig. 4. 

TABLE I - Worst-Case Capability of 
Protective Networks 


Protective Network 

Standard 

(inc. CD4049, CD4050) 
Improved 
Transmission Gate 


Worst-Case 

Capability 

1 kV to 2 kV 
4 kV 
<800 V 


General Handling Rules 

Table I indicates the typical, worst-case 
voltage discharges from the network of 
Fig. 5 that the above networks can with- 
stand. Because every manufacturing en- 
vironment is different, levels above those 
shown in Table I should be anticipated 
and protected against by following the 
handling recommendations of Table II. 

Dry weather (relative humidity less 
than 30 percent) tends to increase greatly 
the accumulation of static charges on any 
surface. Conversely, higher humidity 
levels (40 to 50 percent) tend to reduce the 
magnitude of the static voltage generated. 
In a low-humidity environment, the 
handling precautions listed above take on 
added importance and should be adhered 
to without exception. 


HANDLING OF UNMOUNTED CHIPS 

In handling unmounted chips, dif- 
ferences in potential should be avoided. A 
conductive carrier or a carrier having a 
conductive overlay should be used. 
Another important consideration is the 
sequence in which bonds are made; the 
Vdd (device supply) connection should 
always be made before the Vgg (ground) 
bond. 

HANDLING OF SUBASSEMBLY BOARDS 

After COS/MOS units have been mounted 
on circuit boards, proper handling precau- 
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TABLE II — General Handling Recommendations 


Should be 
conductive 


Handling equipment X 

Metal Parts of Fixtures 
and Tools 

Handling Trays X 

Soldering Irons 

Table Tops X 

Transport Carts X 


Manufacturing Operating 
Personnel 

General Handling of Devices 


tions should still be observed. Until these 
subassemblies are inserted into a complete 
system in which the proper voltages are 
applied, the board is no more than an ex- 
tension of the leads of the device mounted 
on the board. 

It is good practice to put conductive 
clips or conductive tape on the circuit-board 
terminals. This precaution prevents static 
charges from being transmitted through the 
board wiring to the devices mounted on it. 

AUTOMATIC HANDLING EQUIPMENT 

When automatic handling equipment is 
used, it may not always be possible to 
eliminate static electricity through ground- 
ing techniques alone. Automatic feed mech- 
anisms must be insulated from the devices 
under test at the point where the devices are 
connected to the test set. The anvil transport 
portion of the automatic handling mechanism 
can generate very high levels of static elec- 
tricity as a result of the continuous flow of 
devices over and then separating from the 
anvil. Total control of these static voltages 
is critical because of the high throughputs 
associated with automatic handling. 

Fortunately, the resolution of this prob- 
lem is simple, practical, and inexpensive, 
lohized-air blowers, which supply large vol- 
umes of ionized air to objects that are to be 
charge neutralized, are commercially avail- 
able from many supply sources. Field ex- 
perience with ionized-air techniques reveals 
this method to be extremely effective in 
eliminating static electricity when grounding 
techniques cannot be used. 

Failure Mechanisms 

Electrical damage resulting from handling 
is usually caused by either of the two follow- 
ing failure mechanisms: 

1 . Low-level static electricity (voltage of 
1 kV to 4 kV). Input diode protec- 
tion may be overstressed and input 
leakage currents as high as 1 milli- 
ampere across diodes may cause a 
malfunction. 

2. High-level static electricity (voltages 
greater than 4 kV). Gate oxides may 
become short-circuited. Inputs to 
Vdd or Vjjs terminals will be low- 
impedance inputs. 


Should be grounded 
to common point 


X 

X 

X 

Utilize grounded, metal or conductive 
plastic wrist straps with 1-megohm 
series resistor 

Utilize grounded, metal or conductive 
plastic wrist straps with 1 -megohm 
series resistor 

The presence of these types of device 
malfunction can be detected by curve-tracer 
checks of the input protection diodes des- 
cribed above. Diode degradation resulting 
from static electricity is observable in the 
low-reverse-breakdown characteristics shown 
on the curve tracer. On the other hand, 
damage resulting from high levels of static 
electricity are observed as a resistive short 
to VdD or V SS- 

Typical Manufacturing Area Procedure 

The example below illustrates all of the 
above recommendations for handling CMOS 
devices in a typical manufacturing environ- 
ment. Although existing protective networks 
offer a high level of protection against elec- 
trostatic discharge, this example emphasizes 
specific precautions that can help eliminate 
damage. 

Receiving Area 

Devices should not be removed from their 
conductive or antistatic carriers. If devices 
are not received in conductive or antistatic 
packing material, they should be returned to 
the supplier. 

Incoming Inspection 

Physical - Parts should be counted without 
removing them from their containers. 

Storage - Devices should remain in carriers. 
Even a partial removal of IC’s from a carrier 
should only be done by a grounded operator. 
Devices removed should be placed in a con- 
ductive tray. 

Electrical - All testing should be performed 
by a grounded operator. Devices should 
be reinserted in conductive carriers after 
completion of a test. 

PC Board Assembly 

It is desirable that PC boards have shorting 
bars installed prior to assembly (soldering). 
Where possible, CMOS IC’s should be the 
last component installed on the PC board. 

Boards should be transported to the wave- 
solder area in conductive carriers. Flux 
removal should be done with an acceptable 
solvent. Examples of specific, acceptable 
alcohols are isopropanol, methanol and spe- 
cial denatured alcohols such as SDAI , SDA30, 
SDA34 and SDA44. The removal of flux 


from non-hermetic and molded-plastic de- 
vices by means of soap and water in a dish- 
washer is NOT recommended as this pro- 
cedure will adversely affect the long-term 
life of the device. 


OPERATING CONSIDERATIONS 

Proper operating procedures are as im- 
portant as proper handling techniques. A 
review of RCA COS/MOS A-series and B- 
series operating characteristics and ratings 
is given in Table III. 

Operating Voltage 

When devices are operated near the maxi- 
mum supply-voltage range, power-supply 
turn-on or turn-off transients, power-supply 
ripple or regulation, and ground noise should 
be suppressed; any of the above conditions 
must not cause (Vdd - V SS) t0 exceed the 
absolute maximum rating. A good practice 
is to use a zener protection diode in parallel 
with the power bus. The zener value should 
be above the expected maximum regulation 

excursion, but should not exceed the maxi- 
mum supply voltage. Fig. 6 illustrates a 
practical zener shunt circuit. A current- 
limiting resistor is included if the supply- 
current compliance is higher than the zener 
power-dissipation rating for a given zener 
voltage. The shunt capacitor value is chosen 
to supply required peak-current switching 
transients. 
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Fig. 6 — Zener-diode shunt circuit. 

Unused Inputs 

All unused input leads must be con- 
nected to either V$s or Vdd, whichever 
is appropriate for the logic circuit involved. 
A floating input on a high-current type 
(such as the CD4009A,CD4010A, CD4041A, 
CD4049A, CD4050A) can result not only 
in faulty logic operation, but can cause the 
maximum power dissipation of 500 milli- 
watts to be exceeded; the result may be 
damage to the device. Another considera- 
tion with high-current devices is the need 
for a pull-up resistor between the inputs 
and V§s or Vdd should there be any possi- 
bility that the device terminals may become 
temporarily open or unconnected (e.g., if 
the printed circuit board driving the high- 
current types is removed from the chassis). 
A useful range of values for such resistors is 
from 0.2 to 1 megohm. 


Input Signals 

Signals should not be applied to the in- 
puts while the device power supply is off 
unless the input current is limited to a 
steady-state value of typically less than 10 
milliamperes. Input-signal interfaces that are 
the allowable 0.5 volt above Vdd or below 
VSS should be current-limited to typically 
10 milliamperes or less. 

Whenever the possibility of exceeding 
10 milliamperes of input current exists, 
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TABLE I II — Maximum Ratings of RCA COS/MOS Devices 
(Voltages referenced to V$$) 

DC Supply Voltage Range 3 to 1 5 V (A Series); 3 to 20 V (B Series) 

Recommended Operating 

Voltage 3 to 12 V (A Series); 3 to 18 V (B Series) 

DC Input Voltage Range -0.5 to Vqd + 0-5 V 

Dissipation per Package 500 mW 

Device Dissipation per 
Output Transistor 100 mW 

Storage Temperature 

Range —65 to +1 50°C 

Operating Temperature Range 
Ceramic Package Types -55 to +1 25°C 

Plastic Package Types —40 to +85°C 


Lead Temperature (during 
soldering) at a distance 
1/16 ±1/32 inch (1.59 ± 

0.79 mm) from case for 
1 0 seconds max. + 265°C 

a resistor in series with the input is recom- 
mended. The value of this resistor can be as 
high as 1 0 kilohms without affecting static 
electrical characteristics. However, speed 
will be reduced because of the added RC 
delay. Particular attention should be given 
to long input-signal lines where high induc- 
tance can increase the likelihood of large- 
signal pickup in noisy environments. In 
these cases, series resistance with shunt 
capacitance at the IC input terminals is 
recommended. The shunt capacitance should 
be made as large as possible consistent with 
the system speed requirements. 

Fan-Out - COS/MOS to COS/MOS 

All RCA COS/MOS devices have a dc 
fan-out capability of greater than 50. The 
reduction in COS/MOS switching speed 
caused by added capacitive loading should, 
however, be consistent with high-speed sys- 
tem design. The input capacitance is typ- 
ically 5 picofarads for most types; the 
CD4009 and CD4049 buffers have a typical 
input capacitance of 15 picofarads. 


Maximum Clock Rise and Fall Time 

All COS/MOS clocked devices show maxi- 
mum clock rise- and fall-time ratings (nor- 
mally 5 to 15 microseconds). With longer 
rise or fall times, a device may not function 
properly. 

Parallel Clocking 

When two or more different CMOS de- 
vices use a common clock, the clock rise 
time must be kept at a value less than the 
sum of the propagation delay time, the 
output transition time, and the setup time. 
Most flip-flop and shift-register types are 
included in this rule and are so noted in the 
individual data sheets. 

Output Short Circuits 

Shorting of outputs to Vss or Vdd can 
cause the device power dissipation to exceed 
the safe value of 500 milliwatts. In general, 


outputs of these types can all be safely 
shorted when the device is operated with 
(Vdd ~ V S S) >5 volts, but the 500 milli- 
watt dissipation ratings may be exceeded 
at higher power-supply voltages. For cases 
in which a short-circuited load, such as the 
base of a p-n-p or n-p-n bipolar transistor, 
is directly driven, the device output charac- 
teristics given in the published data should 
be consulted to determine the requirements 
for safe operation below 500 milliwatts. 
Note that a single output transistor short 
must be limited to 100 milliwatts. 

SCR Latch-Up 

Operation above maximum ratings can 
force CMOS devices into a p-n-p-n SCR 
“latch-up” mechanism, which can be des- 
tructive. Any transients should be avoided 
and any large loads occurring during oper- 
ation near the maximum rating should be 
avoided. 

“Latch-up” is considered to be the cre- 
ation of a low-resistance path between the 
power supply and ground on a circuit during 
an electrical pulse; the path remains a low- 
resistance path after the pulse. In CMOS 
circuits, several parasitic bipolar transistors 
exist, as shown in Fig. 7. The p-n-p transistor 
is a wide-base lateral structure whose ( 3 , 
normally less than 0.2, is a function of device 
geometry. The conditions for SCR turn-on 
are as follows: 



Fig.7 — Parasitic bipolar transistors in CMOS circuits. 


1 . 0 n-p-n x /3 p-n-p > 1 
(vert.) (lat.) 

2. The lateral p-n-p and vertical n-p-n 
base emitter junctions are forward 
biased. 

3. The bias circuit that applies power to 
Vdd an( * to the input must be capable 
of supplying current equal to the hold- 
ing current of potential SCR’s. 

Fig. 8 shows the equivalent circuit for the 
SCR structure present in CMOS circuits. 

V DD 


92CS- 26853 

Fig-8 — Equivalent circuit for the SCR structure 
present in CMOS circuits. 


Fig. 9 shows a curve of Idd as a function 
of Vdd, which illustrates the effect of 
secondary breakdown and SCR latch-up. 


TURN-ON 

CURRENT 


Fig. 9 - Curve illustrating effect of secondary 
breakdown and SCR latch -up. 




Table IV shows typical values of break- 
down voltage and sustaining voltage and 
current for RCA COS/MOS A-series and 
and B-series devices. The table shows that 
B-series devices are much harder to latch 
than A-series types because of the higher 
breakdown voltage. 
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Fundamentals of Testing COS/MOS Integrated Circuits 


by J. Flood 


This Note describes the techniques em- 
ployed in testing RCA COS/MOS devices to 
assure their adherence to data-sheet specifi- 
cations, and provides information useful in 
data-sheet interpretation and in the inspection 
of incoming devices. RCA COS/MOS devices 
are available in two basic families: A-series 
(3- to 15-volt product) and B-series (3- to 
20-volt product). 

RCA COS/MOS circuits are 100-percent 
tested by circuit probe in the wafer stage and 
are 100-percent tested again after they have 
been packaged. DC tests of RCA devices are 
performed at 5, 10, 15, and 20 volts; func- 
tionality is checked at 3, 17, and 22 volts 
depending on family (i.e., A or B series). 
Sample testing is used to assure adherence to 
quality requirements and ac specifications. 

Static tests, high-speed functional and dc 
parametric tests, are performed at wafer and 
package stages by means of a Teradyne J283 
test set. A Teradyne S157CM test set and a 
Macrodata MD154 test set are used in dynamic 
testing. Dynamic tests are performed with 15 
and 50 picofarad loads. Testing at 15 pico- 
farads is accomplished primarily by labora- 
tory “bench-test” techniques; automatic 
testing at 15 picofarads is difficult because 
of the high input capacitance (approximately 
20 to 35 picofarads) of most automatic ac 
test sets. 

Users should follow the sequence below 
when testing COS/MOS devices: 

1. Insert the device into the test socket. 

2. Apply VdD- 

3. Apply the input signal. 

4. Perform the test. 

5. On completion of test, remove the input 
signal. 

6. Turn off the power supply (V £>£)). 

7. Remove the device from the test socket 
and insert it into a conductive carrier. 
COS/MOS devices under test must not be 
exposed to electrostatic discharge or for- 
ward biasing of the intrinsic protective 
diodes shown in Fig. 1 . 

For detailed COS/MOS IC handling and 
operating considerations, refer to RCA Appli- 
cation Note, Guide to Better Handling and 
Operating of CMOS Integrated Circuits.! 

STATIC TESTING 
DC-Parameter Testing 

DC parameters are those specified for 
steady-state conditions; dc testing of RCA 
devices is done at 5, 10, 15, and 20 volts 
depending on the family under test. Non- 
varying forcing conditions are applied to the 
inputs and/or outputs of a package while the 
device terminals are monitored for expected 
voltage or current levels. 

DC-parameter tests include : 

Functional tests 

Contact tests (diode measurement) 
Leakage tests: quiescent and input 
Breakdown voltage tests 
Output voltage levels 




Fig. 1 — (a) Standard protection network used on all 
CD4000A- and some CD4000 B-series devices; 
(b) improved protection network used on all 
new RCA COS/MOS devices. Diode breakdown: 
D1 =25 V, D2 = 50 l/, R2 « R1. 

Input voltage test (includes noise- 
immunity and noise-margin tests) 
Output drive-current measurements 
Diode tests 

Input-capacitance measurements 
Additional tests as required 


A typical CMOS IC test sequence is shown 
in Fig. 2. 


Functional Tests 

Functional tests assure that the device 
under test will perform its logical operations 
in accordance with its truth table. The 
operating voltages for functional tests are 
shown in Table I. Operation is checked 

Table I - Operating Voltage Limits 
For Functional Tests 

Recommended Min. Max. 

4000 A Series 3-12 3 15 

4000B Series 3 - 18 3 20 

against truth table values by monitoring 
output-voltage levels for valid logic-high and 
logic-low levels. Output logic levels for func- 
tional tests are: 

Logic 0: <Vsg+0.5V 
Logic 1 : ^ V j)j) —0.5 V, Vpjj) is 
referenced to 

Fig. 3 shows an example of a CD4001 
NOR gate functional test. V^d is selected to 
cover the desired range of operation. This 
test is performed at a relatively low frequency 
(«fCL max.) and with no load other than 
stray and probe capacitances. 

When complex circuits such as the CD- 
40946, Fig. 4, are tested, input signals must 
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Fig. 3 - Example of C04001 NOR -gate 
functional test. 

be applied to control the functions being 
examined. The CD4094B is an 8-stage shift 
and store register whose eight stages are 
composed of D-type flip-flops connected in 
sequential logic form with a common clock. 
In addition to the flip-flop chain, the device 
has a latch option at each parallel output 
stage; the latch is controlled by the strobe 
input level. The parallel outputs are three- 
state and are controlled by the output enable 
level. Data stored in the register is available 
at the serial outputs on both the positive and 
negative clock transitions. 

Prior to performance of the static or dc 
parameter tests, which reflect the data-sheet 
specifications, all register functions must 
perform 100 percent. Compliance of a device 
with functional test requirements is deter- 
mined by monitoring all outputs for proper 
operation. Functional testing is performed by 
applying the waveforms shown in the timing 
diagram of Fig. 5 to the device under test, in 
this case the CD4094B of Fig. 4. The tests 
are performed at a frequency well below the 
maximum operating frequency of the device. 
Input logic 1 levels are equal to Vdd; input 
logic 0 levels are equal to V$S. Again, output 
logic 1 and 0 levels are equal to Vdd - 0.5 V 
min. and Vss + 0.5 V max., respectively. 
Functional tests for B-series devices are per- 
formed at a VDD- Vss of 22 volts, 2.8 volts, 
and at intermediate levels depending on the 
device type. 


starting at time slot 1, begin shifting l’sand not shift the positive data input to the Q1 

0’s to the parallel outputs. The alternate l’s output. The Q1 output remains latched low 

and 0’s are fed into the register up to the because of the low level at the strobe input, 

negative transition at time-slot 8. At this When the strobe goes high, the 1 data bit is 

time the strobe input is sent low to check transmitted to the Q1 output. At this point 

functionality of the latch. Note that a 0 data the latch functionality plus the functions of 

bit was transmitted to the Q1 output on the the strobe, clock, data inputs, Q§ outputs, 

positive clock transition at time-slot 8; how- and Q outputs, Fig. 4, are fully tested, as 

ever, a positive transition at time-slot 9 does shown by the timing diagram. 



Fig. 4 — Functional diagram of the CD4094B. 



1 2 8 123456789 10 11 12 
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The timing diagram, Fig. 5, shows 0-level 
data being clocked into the internal Q output 
of the shift register while the strobe input is 
maintained low. After eight positive clock 
transitions, all the internal Q outputs are at 
logic 0. Prior to the next positive clock 
transition, the strobe goes to a 1 state; this 
condition shifts the zeroes from the internal 
Q outputs to the external Q outputs and the 
serial outputs. At this time all outputs are at 
logic 0. The following clock pulses, those 
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Leakage Current Tests 

Two types of static leakage currents are 
of concern in COS/MOS devices: Quiescent- 
leakage and input-leakage current. 

Quiescent Leakage Current-In bipolar logic 
devices, such as TTL devices, the current 
paths that exist from the power source to 
ground in the quiescent state cause milli- 
amperes of current to flow even when the 
device is not functioning. Quiescent leakage 
may be defined for a COS/MOS device as 
that current that flows from V|)£) to V$s 
when, theoretically, all paths for current 
flow have been opened because the MOS 
device is off, Fig. 6. 



Typical input-leakage-current values for 
COS/MOS devices are in the picoampere 
range, hence the high input impedance. 
Automatic test sets cannot measure pico- 
ampere values because of test-set resolution. 
Input currents are measured using 100 nano- 
amperes as the maximum allowable leakage 
for a single input. 

Examples of quiescent and input leakage 
test methods are shown in Figs. 8 and 9. In 
Fig. 8, the quiescent leakage current II (IDD 
may be substituted for IjJ is measured by 
eliminating all current paths from Vdd to 
Vs$. This is done by turning off either the n 


+v 
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Fig. 6— Schematic representations of p and n 
devices when turned off. 


There is no perfect switch. However, the 
COS/MOS technology offers quiescent de- 
vice currents that are orders of magnitude 
lower than in other forms of digital logic. 

Quiescent-leakage tests are performed for 
all device states according to their respective 
truth tables. Voltages for quiescent leakage 
tests are 5, 10, and 15 volts for the CD4000A 
series and 5, 10, 15, and 20 volts for the 
CD4000B series. Power dissipation for 
COS/MOS devices is in the microwatt range 
regardless of complexity level, and is relatively 
stable with variations in temperature. 



or the p devices. The current may be meas- 
ured in the Vp)D or the Vss line, whichever 
is more convenient. Unused inputs must be 
connected either high or low, depending on 
the channel leakage to be measured. 

Input leakage current in Fig. 9 is measured 
by means of the gate input. Typical input 
impedance is 10l- ohms; therefore, typical 
input leakage currents are in the picoampere 
range. Figs. 8 through 14 show various test 
circuits for the CD4001 A. 

The testing of MSI and LSI parts for 
quiescent leakage current is more complex 
than that for SSI devices. However, the test 
is performed in a manner similar to that of 
the functional test described previously. The 
CD4090, for example, is connected as shown 
in Fig. 15. The device is then clocked into 
its various states, and the current monitored 
at applicable time slots. 

Fig. 16 shows the intrinsic protection cir- 
cuitry .at each external-gate input. With SI 
connected to either current source, the 
voltage drop from the gate input to ground 
will be one diode drop. A limit of 1.5 volts 
maximum is usually used to indicate a good 
diode. With SI connected to the +100 
microampere supply, the presence of the 
protective diode to the n substrate is tested. 
With SI connected to the -100 microampere 
supply, the presence of the protective diode 
to the p well is tested. In the event of func- 
tional test failures, the above test can be 
used as a “contact test” to check for proper 
insertion of the device under test. 

V DD 



Input-Leakage Current— Input-leakage current 
is current that flows through reverse-biased 
diodes, whether intrinsic or diffused, and 
through the input-protection network con- 
nected to the gate. The diodes present in 
standard and improved protection networks 
are shown in Fig. 7. 

V DD V DD 
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Fig. 8 — Measurement of quiescent leakage current. 



(a) Input Leakage-Input High dm) 


(b) Input Leakage-Input Low (I|l) 
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Fig. 7 — (a) Standard and (b) improved protection 


Fig. 9 — Measurement of input leakage. 


networks. 
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Fig. 10 — Quiescent-device-current test circuit 

for the CD4001A, leakage-inputs 1 (![_}. 


Fig. 11 — Quiescent-device-current test circuit ^'9- 12 — Quiescent-device-current test circuit for the 

for the CD4001A, leakage-inputs 2 Oi_). CD4001A, leakage - n-devices off (l[_). 



Fig. 13 - Input-current test circuit for the Fig. 14 - Input-current test circuit for the 
CD4001A, input high (I/h). CD4001A, input low (l/i_). 
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Fig. 16 — Intrinsic protection circuitry at each external 
input of a COS/MOS device. 


Fig. 15 — Functional-test arrangement for the CD4090. 

Voltage Breakdown Tests 

Breakdown tests are performed on the n 
and p channels of COS/MOS devices in a 
manner similar to that of quiescent-leakage- 
current tests. The purpose of the breakdown 
test is to assure that channel breakdowns can 
only occur at voltages above the maximum 
guaranteed supply voltage; Table II gives 
limits by series. Voltage breakdown test 
circuits are shown in Fig. 17. With switch SI 
in position 1 , the n devices are on and the p + - 
to-n-substrate diodes are stressed. With switch 
SI in position 2, the p devices are on and the 
n + -to-p-well diodes are stressed. 

Table II - Channel-Breakdown Limits 
Max. 

Test Voltage Current Limit 

CD4000A Series 15V 1 00 juA 

CD4000B Series 20 V lOOjuA 
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Fig. 17 — Voltage-breakdown test circuit. 


Output-Voltage Levels 

The output-voltage low (Vol) and the 
output-voltage high levels (Voh) of a 
COS/MOS device approach Vdd and Vss 
within a few millivolts. Tests for Vol and 
Voh are primarily bench-type static tests 
performed as shown in Fig. 18. With switch 
SI in position 1, one n device is turned on 
and the p devices are turned off. The voltage 


output will be at Vss + 0 05 volt or Vss - 0 
volt. With switch SI in position 2, all p 
devices will be turned on and the n devices 
will be turned off. The voltage output will be 
at Vdd + 0 v olt or Vdd •- 0.05 volt. 

Few automatic test sets have the resolu- 
tion to measure an offset of 50 millivolts 
from the Vdd and Vss supply with satis- 
factory accuracy at reasonable test speeds. 


Note that in functional testing, the pass/fail 
criteria for high and low output states of the 
device is a maximum of 500 millivolts 
deviation from Vdd and Vss- 

Noise Immunity 

Noise immunity, Vnl, Vnh> is defined 
as the maximum low-level input (Vjl) for 
which an output logic level does not change 
state, and the minimum high-level input 
(Vjh) for which the output does not change 
state. 

The typical noise immunity of a COS/MOS 
device is 45-percent of Vdd; ke., the input 
voltage low and high levels will typically 
change 45-percent of their values before the 
output logic level changes. Vjl is guaranteed 
to be a maximum of 30 percent of Vdd» ^IH 
is guaranteed to be a minimum of 70 per- 
cent of Vdd- 


Noise Margin 

Noise margin is the difference between a 
device output voltage and Vjl; i.e., the 
magnitude of noise-margin voltage is that 
noise voltage that may be added to any 
COS/MOS input/output mode. 

Noise margin and noise immunity are 
guaranteed to meet data-sheet specifications 
by the performance of input voltage tests, as 
shown in Fig. 19. The input voltage test is 
performeci for each device as in functional 
testing. Vjl and Vjh are applied according 
to the device’s truth table. The outputs are 
monitored for an expected Vnmh and 
VNML state (voltage noise margin, voltage 
noise margin low). 

v NML = v OL“ V 1L 
V NMH = v OH — V IH 
VlL = V NL 
V IH = V DD- V NH 
Output Drive Current 

Tests for output drive currents-lDN ( or 
lOLX sink current, and Idp (or 1 oh)> source 
current— are conducted by means of the cir- 
cuits shown in Figs. 20 and 2 1 . 


The purpose of the sink-current test, Fig. 
20, is to determine the amount of current 
that the output n device is capable of sinking 
(with the n channel on) at a given output- 
voltage level. Fig. 20(a) shows a CD4001 AD 
device whose Vdd is equal to 10 volts and 
whose voltage output is specified at 0.5 volt. 
The amount of current that the output de- 
vice can sink varies depending upon the 
voltage drop across the device (Vds) f° r a 
fixed VqS- n-channel drain characteristics are 
shown in Fig. 20(c). 

The purpose of the source-current test, 
Fig. 21, is to determine the amount of 
current that the p device is capable of 
sourcing (with the p channel on) at a given 
output-voltage level. Fig. 21(a) shows a 
CD4001AD device whose Vdd is equal to 
10 volts and whose voltage output is specified 
at 9.5 volts. Under these conditions, the 
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(b) 
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Fig. 18 — Test of output voltage levels 

(V 0H and V QL )ofa CD4001A. 
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(c) 


Fig. 20 - Output drive current (IqN^ sink-current, 
test arrangement. 



Fig. 21 — Output drive current Uop), source current, 
test arrangement. 


output dttve current will be a minimum of 
0.25 milliampere. The amount of current 
that the device can source varies depending 
upon the voltage drop across the device 
(Vds) for a fixed VgS- p*channel drain 
characteristics are shown in Fig. 21 (c). 

These current-voltage relationships can be 
verified, theoretically, by the use of the 
following equations. 

In the triode region: 


2K'W V DS 2 

»D= c V DS ( V GS- V TH)~ - — 

Vds^gs^th) 


In the saturated region: 



( v Gs~ v th)< v ds 


0 < 


0 < 


where V£)g = drain-to-source voltage 
Vg§ = gate-to-source voltage 
Vth - device threshold voltage 
, t* e o 

K = fi =effective surface mo- 
“ l ox bility of the carrier 
in the channel 
e 0 =permittivity of the 
oxide 

l ox =ox ide thickness 
W = channel width 
C = channel length 


Input Capacitance 

The input capacitance of a device is 
measured as shown in Fig. 22. A capacitance 
bridge is connected between each input and 
V§S- The capacitance is then measured after 
all stray capacitance has been nulled. The test 
is performed at a 1-MHz bridge setting. De- 
vice input capacitance is considered accept- 
able if the bridge reading is less than the 
maximum input capacitance specified on the 
data sheet. 


Drain-To-Source Voltage (VDS)-Volts 
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Propagation Delay and Transition Times 

Propagation Delay (tpLn) is measured from 
the 50-percent point of the input pulse to 
the 50-percent point of the output pulse as 
the output goes from a low level to a high 
level. 


Propagation Delay (tpujJ is measured from 
the 50-percent point or the input pulse to 
the 50-percent point of the output pulse as 
the output goes from a high level to a low 
level. 

Transition Time (tyuM) * s t ^ ie ^ me required 
for the output to make the transition from 
the low state to the high state (n device turns 
off, p device turns on). This time is measured 
from the 10-percent point to the 90-percent 
point of the output pulse. 

Transition Time (tjj|i ) is the time required 
for the output to make the transition from 
the high state to the low state (p device turns 
off, n device turns on). This time is measured 
from the 10-percent point to the 90-percent 
point of the output pulse. 

Dynamic parameters are measured at a 
specified load of 15 and/or 50 picofarads. 
The load specified is for total capacitance 
including stray and probe capacitance. Fre- 
quency is not a critical factor in determining 
switching speeds of COS/MOS devices. Test- 
ing should be done at a frequency compatible 
with the test set or laboratory equipment in- 
volved and must be less than the maximum 
operating frequency. Fig. 23 sjiows waveforms 
used in the measurement of propagation 
delay and transition times. 

Note that certain dynamic tests, when 
performed on a go-no-go basis, are conducted 
with specified limits as test conditions and 
with the device outputs monitored. Para- 
meters tested in this way include set-up 
times, minimum clock, reset and preset 
pulse widths, clock rise and fall times, maxi- 
mum clock frequency, and preset and reset 
removal times. Parameters such as propaga- 
tion delay and transition times are tested 
under a set of prescribed conditions so that 
the test yields actual characteristic data. 

Maximum Operating Frequency 

The maximum operating frequency, f(X, 
is that clock input frequency above which 
the device will no longer perform its logical 
function. This frequency is determined by 
gradually increasing the input frequency 
while monitoring the output until the device 
no longer functions properly. The input fre- 
quency is then lowered until the device re- 
sumes correct operation. The frequency thus 


10% 90% 



— H t PHL —*i T PLH f*— 

50% 50% 


92CS— 28378 

Fig. 23 — Waveforms used in the measurement of 
propagation delay and transition times. 

determined is the maximum operating fre- ting frequency is applied to the device while 

quency of the individual device. the outputs are monitored. This is a go-no-go 

When testing for compliance a device for test as opposed to a characterization test, 
which a maximum operating frequency has F'g* 24 shows a CD4013, dual D-type 

been specified, the maximum specified opera- flip-flop, under test for maximum operating 



+10 v 


Output 


10% 90% 



50% 50% 


50% 50% 

Test Conditions (Per Data-Sheet Specifications*) 

* Pulse-Gcnsrator Amplitude 10 V 

Pulse-Generator Impedance-Matching Resistor (R) 50 ohms 

•Pulse-Generator Rise and Fall Times (t r = tf) 20 ns 

•Pulse-Generator Input Frequency (fci_! 7 MHz 

•Load Capacity — Cl (Including Stray and Probe) 15 pF, 50 pF 


92CS-28379 

Fig. 24 — Test circuit for measuring the maximum 
operating frequency of a CD4013A/B. 
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Data Input - 


Q Output . 


X. 


/ — \ r 


J~ X 

« Expected Output — » 


-Expected Output - 

Test Conditions (Per Data-Sheet Specifications*) 

‘Pulse-Generator Amplitudes 10 V 

Pulse-Generator Impedance-Matching Resistor (R) 50 ohms 

•Pulse-Generator Rise and Fall Times (t,- = tf) 20 ns 

•Load Capacitance-C|_ (Including Stray and Probe) 15 pF, 50 pF 
•Setup Time (tj) 20 ns 

92CS-28380 

Fig. 25 — Set-up-time test circuit for a CD4013A. 



92CS — 28377 

Fig. 26 — Waveform used to define pulse widths. 


frequency at an operating voltage of Vp)£)- 
Vss of 10 volts. 


Set-Up Time 


Set-up time (t s ) is the time interval during 
which a signal is applied and maintained at a 
specified input terminal before the device 
recognizes the presence of the specified input 
pulse. An example of set-up time measure- 
ment for a CD4013, Fig. 25, shows a data 
input which must be present for time t s (value 
specified in data sheet) in order for the 
positive transition of the clock pulse to 
transmit the level at the data input to the Q 
output. If the data input is not present for a 
sufficient period of time prior to the positive 
transition of the clock, the previous state of 
the data input will be recognized and trans- 
mitted to the Q output. 

When testing a device for compliance with 
a specified set-up time, a go-no-go test, the 
set-up time specified in the data sheet is used 
as a test condition and the output is moni- 
tored for expected operation. When charac- 
teristic data is required, the set-up time is 
varied until the expected output occurs. 

Minimum Clock, Set, Reset, and Preset 
Pulse Widths 

Pulse widths, t\y, are defined as the time 
from the point on the leading edge of the 
clock-pulse curve which is 50-percent of the 
maximum amplitude to a point on the 
trailing edge which is 50-percent of the 
maximum amplitude. Fig. 26. The minimum 
pulse width for the clock, set, reset, and pre- 
set inputs is that time that the pulse must be 
present in order for the device to recognize 
the presence of the pulse. 

When testing a device for compliance with 
minimum pulse widths, a go-no-go test, the 
pulse width specified in the data sheet is used 
as a test condition and the output is moni- 
tored for expected operation. When charac- 
teristic data is required, the pulse width is 
varied until the expected output occurs. 

An example of minimum clock-pulse width 
measurement (t\yH) for a CD401 3 at a Vp)£) 
— Vss of 10 volts, Fig. 27, shows the mini- 
mum clock-pulse width specified in the data 
sheet being applied to the clock input of the 
device under test at a frequency (f) that is 
less than the maximum operating frequency 
specified. The clock pulse is applied in one 
case when the data input is low and is then 
applied again when the data input is high. 
(The high and low states of the data input 
must be present for a time exceeding the 
specified set-up time.) A device that complies 
with the minimum clock-pulse width para- 
meter specification will transmit the data 
input level to the Q output on the positive 
transition of the clock. Proper operation of 
the CD4013 can be checked by monitoring 
for an expected output at Q of f/2. 

Maximum Clock Rise and Fall Times 

The maximum clock rise and fall times 
OrCL' IfCL) are the rise and fall times of 


the clock input signal (measured from 10 
percent to 00 percent), above which the 
device is guaranteed to perform its logical 
function. This rise and fall time is determined 
by gradually increasing the clock rise/fall 
time while monitoring the output until the 
device no longer functions properly. The 
clock input rise and fall times are then 
lowered until the device resumes correct 
operation. The rise and fall times thus deter- 
mined are the maximum clock rise and fall 
time of the individual device. 

In testing a device for maximum clock 
rise and fall times to a specified limit, the 
maximum specified clock rise and fall times 
are applied to the clock input while the out- 
put is monitored. The input frequency used 
to perform this test must be less than the 
reciprocal of 2t r ; for example, when applying 
the specified clock rise and fall times for a 
CD4013 at a Vdq V$s of 10 volts, the 


maximum clock input frequency that may be 
used is 100 kHz. 

Fig. 28 is an example of a test of maximum 
clock rise and fall times of a CD4013, dual 
flip-flop, at an operating voltage, V[)[)-Vss 
of 10 volts. 


Reset, Set and Preset Removal Time 

The reset, set, and preset removal time, 
IREM’ when used in reference to flip-flops, 
counters, and shift registers, is that time for 
which the reset, set, or preset pulse must be in 
its clock enabling state before the device can 
resume synchronous operation. 

When a device is in the preset mode, the 
JAM input levels are transmitted to the Q 
output asynchronously. The reset state 
causes the Q outputs to go to a low level; the 
set state causes the Q outputs to go to a high 
level. It is generally an invalid condition to 
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have a device in more than one asynchronous 
state at the same time. 

In testing a device for compliance with 
data-sheet specifications, the removal time 
specified is applied at the appropriate input 
terminal of the device under test. When 
characterizing a device, the removal time is. 
adjusted relative to the clock input such that 
expected operation occurs, decreased to the 
point where expected operation no longer 
occurs, and then increased until expected 
operation reoccurs. The time recorded at the 
reoccurrence of expected operations is the 
correct removal time (tREM)- 

An example of a test for minimum preset- 
enable removal time as specified in the data 
sheet of a CD4029A, presettable up/down 
counter, is shown in Fig. 29. The JAM inputs 
Jl, J2, J3, and J4 are hard-wired to ground 
(low). With the preset enable input high, the 
information on the JAM inputs is trans- 
mitted to the Q outputs (regardless of the 
state of the clock). The preset input is then 
set low. After a time equal to tREMi the 
clock-pulse positive transition advances the 
counter and causes the Q1 output to go high. 
The transition of the Q 1 output from the low 
to the high state confirms that the preset 
enable pulse has been removed for a suffi- 
cient time to allow the device under test to 
resume synchronous clocked operation. 


1 . Guide to Better Handling and Operation 
of CMOS Devices, ICAN-6525, J. Flood 
and H. Pujol, RCA Solid State, 1976. 
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Test Conditions (Per Data-Sheet Specifications*) 

* Pulse-Generator Amplitudes 

* Pulse-Generator Rise and Fall Times 
Pulse-Generator Impedance-Matching Resistor 

* Clock-Pulse-Generator Frequency 

♦Load Capacity (Cl) (Total Including Stray) 


10 V 
20 ns 
50 ohms 

«Max. Operating Frequency 
15 pF. 50 pF 


92CS- 28383 

Fig. 27 — Test circuit for measuring minimum clock- 
pulse width in a CD4013A/B. 
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Test Conditions (Per Data-Sheet Specifications*) 

* Pulse-Generator Amplitude 10 V 

* Pulse- Generator Rise and Fall Times (t r CL< *fClJ 5 ps 

Pulse-Generator Impedance-Matching Resistor 50 ohms 

* Pulse-Generator Frequency 100 kHz 

* Load Capacity (Cl) (Total Including Stray and Probe) 15 pF, 50 pF 

92CS— 2838IRI 

Fig. 28 — Test circuit for measuring maximum dock- 
rise and fall time in a CD4013A/B. 


Test Conditions (Per Data-Sheet Specifications) 

Pulse-Generator Amplitude Vgr) 

Pulse-Generator Rise and Fall Times (t rpp = tf cp ) 20 ns 

Pulse-Generator Impedance-Matching 

Resistor 50 ohms 

Load Capacity (Cl) (Total Including Stray and Probe) 15 pF, 50 pF 


Fig. 29 — Test circuit for measuring preset-enable 
removal time in a CD4029A/B. 
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A Basic Selection Guide to Digital Counters 

byJ. E.Gillberg 


The binary ripple counter has emerged 
as a major building block for today's 
digital circuit designs primarily because it 
offers a large amount of information for a 
set number of bits. In addition, it is 
simple, requiring no decoding from the 
counting stages, and its dynamic power 
consumption is small. This Note discusses 
these advantages, compares the binary 
ripple counter with the Johnson decade 
counter and the BCD counter, and 
discusses the selection of the most suitable 
counter for specific applications. 

Design F eatures 

The functional diagram for a 
COS/MOS 7-stage binary counter type 
CD4024 is given in Fig. 1. The CD4024 


counter. These devices provide alter- 
natives to the digital system designer and 
have advantages and disadvantages, as 
does the binary ripple counter. 

The CD4017 consists of a 5-stage 
Johnson decade counter and an output 
decoder which converts the Johnson binary 
code to a decimal number. Functional and 
logic diagrams are given in Fig. 5 for this 
device. The decade counter includes 
“anti-lock" gating to assure proper 
counting sequence. Because the Johnson 
counter does not use every available 
combination of outputs, it is possible for 
the counter to enter an “illegal" mode of 
operation at |>ower turn-on or as the result 
of incoming noise. The anti-lock gating 
forces the counter back into “legal" 


operation. For many applications, the 
disadvantage of the unused logic states, 
necessitating the use of additional counter 
stages, is compensated for by its high- 
speed operation. 2-input decimal decode 
gating, and spike-free decoded outputs. 

The CD4518 BCD synchronous counter 
requires extra gating to determine what 
state the counter should be clocked into at 
the next incoming pulse. Its functional 
and logic diagrams are given in Fig. 4. Its 
binary coded decimal output makes it a 
good choice for many applications where 
there is machine-to-person interface. 

The absence of extra gating in the 
binary ripple counter, however, allows 
maximum information density and, 
therefore, provides a significant advantage 
over the other two types. 

Power Consumption 

The power consumption of any counter 
depends on the input and output 
capacitance of the counter, its operating 
voltage, and the operating frequency. This 
relationship is expressed by 

P = CV 2 f 

where P is the power consumption in 
watts, C the load capacitance in farads, V 
the operating voltage in volts, and f the 
frequency of operation in hertz. This 
expression can be used as a design guide to 
the power consumption of a circuit when 
more specific data is not available. The 
actual power consumption of an IC, 
however, may vary ±25 percent from the 
value calculated. 



Vss 

92CS-2505IR2 


Fig. 1 - Functional and logic diagrams for a COS/MOS 7-stage binary counter type CD4024. 


superseded the CD4004 which was the 
first counter available in the CMOS family 
of digital devices. This counter is a simple 
basic design, comprising a series of toggle 
flip-flops in which the clock input of one 
flip-flop is connected to the Q output of 
the previous flip-flop. No additional 
gating is necessary to perform the binary 
county The buffer converter connected to 
the Q output of each flip-flop stage 
enhances the current drive without ad- 
versely affecting counter speed. Fig. 2 is a 
detailed diagram of a single master-slave 
flip-flop used as the sequential memory 
element in the CD4024, as well as in most 
static counters. 

Two other counters that have found 
acceptance as digital building blocks are 
the CD4017, a decade counter /divider 
using the Johnson decade counter con- 
figuration, and the CD4518, a BCD up- 



92CS-29244RI 

Fig. 2 - Detailed diagram of master-slave flip-flop , the sequential memory element of most static 
counters including the CD4024. 
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92CM-23772R2 

Fig. 4 - Functional and logic diagrams for BCD counter type CD4518. 



If it is assumed that the input 
capacitance of the COS/MOS gate is small 
compared to the output load capacitance, 
it can be shown that the power con- 
sumption of the binary ripple counter is 
not too different from that of the other 
counters. With the CD4013 Quad D Flip- 
Flop, shown functionally in Fig. 5, used as 
the example and the dissipation 
characteristics curves for this device in 
Fig. 6, one can calculate the power 
dissipation of a divide-by-sixteen binary 
ripple counter and compare it to that of a 
Johnson counter. 


system is actually a divide-by-two system. 
The divide-by-sixteen counter would 
require (16 = 2^1 four flip-flops. At a 
clock frequency of 4 MHz, a Vj)j) of 10 
volts, and an output capacitance of 15 pF, 
this 4-stage network would operate at the 
following frequencies and, from Fig. 6, 
dissipate the indicated power: 

Stage l 2x10^ Hz 2.3x10^ mW 

Stage 2 lx 10^ Hz 1.7x10^ £<W 

Stage 3 0.5x10^ Hz 1.0x10^ /^W 
Stage 4 0.25 x 10^ Hz 0.5 x 10^ MW 



92CS-25046 


The timing diagram given in Fig. 7 
shows that each toggle flip-flop in a binary 


Total Power 5.5 x 10^ /iW = 5.5 mW 


Fig. 5 - Functional diagram of dual D 
flip-flop type CD4013. 
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Fig. 6 - Dissipation characteristics curves 
for type CD4013. 


For a Johnson counter, which operates 
by feeding back the inverted output of the 
final stage, the number of stages utilizing 
the CD4013 flip-flop needed for a divide- 
by-sixteen counter is eight. The outputs 
are changing at a rate of 

4 x l« () Hz-5-8 = 0.r>x 10 6 Hz 


Each flip-flop at this frequency and at an 
operating voltage of 10 volts and an output 
load of 15 pF would, from Fig. 6, dissipate 
approximately 1.0 x 10^ juW. The total 
dissipation for the eight flip-flops, 
therefore, would be 8 x 1.0 x 10^ P W = 
8.0 mW. 


In a 12-bit system the binary counter is 
by far the most compact. In systems using 
a larger number of bits this advantage is 
even greater and is becoming increasingly 
important as manufacturers develop MSI 
and LSI devices. No longer is the con- 
straint on a design the pellet size, but 
rather the number of output pins the 
design uses. 

In a system where the goal is a specific 
output frequency and where the input 
frequency is variable, the binary ripple 
counter is and has been the choice of many 
designers. An excellent example is the 
design technique usually used in digital 
clocks and watches. An output of 1 Hz is 
obtained by counting down from a typical 
4. 104-MHz oscillator or a 32.768-kHz 
oscillator using the appropriate number of 
binary stages. 

Device Selection 

Although the binary counter has ad- 
vantages, it does have the handicap of 
interfacing a non-binary world. It is 
difficult to decode accurately a non-binary 
count from a binary counter because a 
complex decoding scheme is needed and 
because the possibility of decoding spikes 
is increased. As shown in Fig. 8, a binary 
counter needs many external gates for 
decoding purposes. In addition, to change 


bit is changing at a time, as shown in Fig. 
9. Decoding of the Johnson counter with 
one inverter and one two-input gate can 
always be accomplished by decoding a 1;0 
or 0; 1 state between the two appropriate 
outputs. In addition, because only one bit 
is changing when the counter moves from 
one count to the next, no decoding glitches 
will develop from this decoding network. 


CD40I8 

5- STAGE JOHNSON 
COUNTER 


XI 


DECOOING COUNT 


00000 - 0 
10000 - 1 
11000 - 2 
11100 - 3 

11110 - 4 

11111 - 5 
01111 - 6 
00111 - 7 
00011 - 8 
00001 - 9 


92LS - 




Fig. 9 - External gate required by Johnson 
counter; counting sequence requiring only 
one bit change] at a time. 


This comparison shows that the power 
dissipation of these two systems is fairly 
close in value and should not be the major 
deciding factor as to which system to use 
in a specific application. 



Fig. 7 - Timing diagram for divide-by-two 
flip-flop. 


Information Density 

The most significant advantage of 
binary counters is the amount of in- 
formation which can be realized from a 
given number, of bits. A comparison of a 
binary 12-bit system with BCD and 
Johnson counter 12-bit systems shows that 
the binary system has 4096 separate 
states, the BCD system has 1000 separate 
stages, and the Johnson system has 24 
separate states. 



8 10 0 0 

9 10 0 1 

10 10 10 


Fig. 8 - Typical external gate required by binary 
counter for decoding; spike possibility caused by 
non-simultaneous bit change, and, counting 
sequence requiring simultaneous bit change. 


from count 9 to count 10, two bits must 
change simultaneously. Consequently, if 
one bit changes prior to the second, a false 
count of 8 or 1 1 could be decoded. 

To avoid this kind of “glitch” 
possibility the Johnson counter was 
designed. In the Johnson counter only one 


One disadvantage of both the binary 
and the Johnson counters is the difficulty 
of interfacing a decimal world. This 
difficulty instigated the development of 
the binary-coded decimal system. In the 
BCD system, by grouping four bits into 
each single decimal number, the actual 
count becomes much easier for human 
interface. 

By way of summary, binary counters, 
because of their high information density, 
low power consumption, and relative 
simplicity, are well suited for applications 
such as industrial timers, watch or clock 
operation, binary arithmetic systems, and 
microprocessor systems. 

Johnson counters, because of their 
decoding ease for any given count, are well 
suited for industrial controls, sequencers, 
low divide-by-n decoding, and 
programmable divide-by-n counters. 

BCD counters, because of their ease of 
interface for human control, are well 
suited for programmable divide-by-n 
counters, counting systems for seven- 
segment readouts, industrial controls, and 
frequency synthesis. 
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Understanding Buffered and 
Unbuffered CMOS Characteristics 

by R. E. Funk 

INTRODUCTION 


Both buffered and unbuffered CMOS 
B-series gates, inverters, and high-current IC 
products are available from RCA; each pro- 
duct classification has application advantages 
in appropriate logic-system designs. Recently, 
many CMOS suppliers have been concen- 
trating on promoting buffered B-series pro- 
ducts with applications literature focusing 
on the attributes and use of the buffered 
types. This practice has left an imbalance in 
the understanding and application of both 
buffered and unbuffered gates and, in many 
instances, customers are not using unbuffered 
products when they are the best for the in- 
tended application. This Note narrows the 
misunderstandings involved in this issue by 
presenting and discussing the relative merits 
of the buffered and unbuffered CMOS devices. 

Background 

Historically, most CMOS gates, inverters, 
and high-current IC products were unbuffered, 
and exhibited good logic-system perform- 
ance, speed, noise immunity, and quasi-linear 
characteristics in a wide variety of applica- 
tions. As the scope of CMOS products 
broadened and more manufacturers entered 
the scene, buffered gate and inverter products 
were brought out by RCA and others. 
While RCA confined initial buffered pro- 
ducts to new OR and AND functions, 


the UB designation, such as (including, but 
not limited to): 

4000UB 4025UB 

400 1UB 4007 UB 

4002UB 4009UB 

401 1UB 4041UB 

4012UB 4049UB 

4023UB 4069 UB 

The official JEDEC definitions are pri- 
marily applicable to gates, inverters, and 
high-current (inverting) drivers such as the 
specific UB types shown above. Non-inverting 
gates and drivers as well as all MSI and LSI 
B-types are by definition B types. There are 
special analog I/O types that are also in- 
cluded as B types since they conform to all 
B standards except that they have special 
analog I/O circuitry. Examples of parts that 
have no buffered or unbuffered significance 
are: 

4016B 405 3 B 

4046B 4067 B 

405 IB 4097 B 

4052B 4066B 

451 IB 
4528B 

RCA will make available both types of 
CMOS gates. Logic examples of the buffered 


and unbuffered 2-input NOR gate are shown 
in Fig. 1 . Note that the buffered logic can be 
implemented by either a 2-input NOR func- 
tion followed by two inverters or by two 
input inverters followed by the 2-input 
NAND gate and an output buffer. RCA uses 
the latter logic configuration, which has the 
advantage of optimizing device noise im- 
munity by negating the effect of stacked 
devices at the input. This characteristic is 


OR 

zgdZH>^- Tm 

(o) BUFFERED — CD400IB U>) UNBUFFERED— CD400IUB 


Fig. 1 - Examples of the buffered (CD4001 B) and 
unbuffered (CD4001UB) 2-input NOR gate. 


especially significant for 3- or 4-input gates 
where three or four PMOS or NMOS tran- 
sistors are stacked in series at the input. In 
this case, the inputs have an effective offset 
in threshold and reduced input noise im- 
munity. 

Fig. 2 is a schematic representation of the 
RCA buffered and unbuffered 2-input NOR 
gates. The improved 4-diode-input gate-oxide 
protection circuit is shown at the inputs. 



other manufacturers introduced buffered 
NOR and NAND gates having the same 
generic 4000A-series designations as the 
original widely-used unbuffered gates. Many 
users were surprised by the non-interchange- 
ability of the devices in applications where 
speed, noise immunity, output impedance, 
and linear gain-bandwidth characteristics were 
critical. It is of immense benefit to CMOS 
users to have available the definitions and 
designations of both buffered and unbuffered 
B-series CMOS devices as determined by the 
JEDEC CMOS Standardizing Committee 
under the cognizance of the JC40.2 JEDEC 
Committee of EIA. The official JEDEC 



definitions are repeated below along with 
detailed explanations and examples. Com- 
parison of user-oriented characteristics and 
the use of buffered and unbuffered gates are 
also reviewed. 

Definitions 

Buffered CMOS-A CMOS device for which 
the output on impedance is independent 
of any and all valid input logic conditions, 
both preceding and present, is said to have a 
buffered output or to be a buffered CMOS 
device. All such products are designated by 
the suffix B. 

Unbuffered CMOS-Products that meet B- 



series specifications except that the logical 
outputs are not buffered and the Vjl and 
VlH specifications are 20 percent and 80 per- 
cent of Vdd, respectively, are marked with 


(b) UNBUFFERED 

Fig. 2 - Schematic diagrams of the buffered and the 
unbuffered 2-input NOR gate. 
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Examples 

Examination of the dc performance charac- 
teristics of both the buffered and unbuffered 
2-input NOR gate reveals the two electrical 
characteristics, output impedance and noise 
immunity, by which the types are differen- 
tiated by the JEDEC standard specifications: 

Output Impedance 

-Buffered-Fig. 3 depicts the buffered 
output stage and shows the MOS tran- 
sistor as switched on with a channel 
resistance R; R is the same value for the 
n-switch closed or the p-switch closed. 



-v 

92CS-28332 


Fig. 3 — Constant output impedance of a 
buffered gate. 

-Unbuffered-Fig. 4 depicts the unbuf- 
fered 2-input-gate p- and n-channel MOS 
switches and appropriate on-channel 
resistances. Note that the two stacked 
p-channel switches are designed for an 
on resistance of R/2. so that the output 
impedance is R when both the logic 
inputs are low, Fig. 4(b). In Fig. 4(a) 
the. output impedance is R to the 
negative supply terminal (usually ground) 
for an input logic state of 1 , input high. 

Fig. 4(c) shows the condition when the 
unbuffered gate has an output impedance 
of R/2 for both logic inputs high. Hence 
the variable output impedance of the 
unbuffered gate. For a 4-input gate, this 
variable is R to R/4! The maximum 
output resistance of RCA buffered or 
unbuffered gates is R. Thus, minimum 
IOL an d lOH specifications for buffered 
and unbuffered gates are identical. 

Noise Immunity 

The second JEDEC-defined difference be- 
tween the buffered and unbuffered CMOS 
'gates (or inverters) is the difference in input 
noise-immunity characteristics. 


—Buffered— The buffered 2-input NOR 
gate voltage-transfer characteristics, Fig. 
5, are squared because of the gain of 
three CMOS stages from input to output. 
Fig. 5 shows that noise voltage inputs of 
±1.5 V at Vdd = 5 V and ±4 V at 
VDD = 15 V will have little discernible 



Fig. 4 — Variable output impedance of an unbuffered 
2-input NOR gate. The resistors represent the 
on impedance of a p- or n-channel MOS tran- 
sistor. 



Fig. 5 — Voltage transfer characteristics of a buffered 
2-input NOR gate (CD4001 B). 



effect on the output voltage; i.e., noise 
immunity for all logic states is optimally 
high as is noise margin: 1 volt at Vj)D = 
5 V and 2.5 V at Vj)E) = 15 V. 

—Unbuffered— Fig. 6 shows the rounded 
voltage-transfer characteristics of the 
2-input unbuffered NOR gate. Also 
evident is the shift in the transfer curve 
for the different logic input states. Com- 
pare these curves to those of Fig. 5 and 
the effects of the non-buffered inputs 
as well as the gain differences are evident. 
The rounded characteristics require a 
noise-immunity specification of ±20% 
°f Vj)D at 5, 10 and 15 V as well as a 
reduced noise margin: 0.5 V at Vdd = 
5 V and 1.0 V at Vj)D = 15 V. 


The above definitions use gate charac- 
teristics as illustrative of the JEDEC defini- 
tions for buffered and unbuffered charac- 
teristics relative to variable output impedance 
and noise-immunity performance. Inverters 
and high-current drivers may also be defined 


as buffered (B) types or unbuffered (UB) 
types by virtue of the squared or rounded 
transfer characteristics of Figs. 3 and 4, 
respectively. Even though both types have a 
single NMOS and single PMOS output tran- 
sistor, the rounded transfer characteristic of 
the unbuffered inverters makes them UB 
types by virtue of: 

1 . Reduced noise-immunity performance 
where the 20% rating is applicable. 

2. Varying output impedance as a func- 
tion of input voltage change along the 
rounded portion of the transfer curve. 

COMPARISONS 

Table I shows the qualitative comparisons 
of user-oriented performance characteristics 
of buffered and unbuffered CMOS gates, 
inverters, or drivers. Table II is a quantitative 
comparison of the key performance charac- 
teristics with explanations as follows: 

Propagation Delay— Delays shown are appli- 
cable to RCA 2-, 3-, and 4-input NOR and 
NAND gates. 
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(b) 



Fig. 6— Voltage transfer characteristics of an unbuffered 

2-input NOR gate (CD4001UB) with output voltages 
of 5 and 15 volts. 


Table II-Characteristics of Buffered and Unbuffered Gates 

Buffered Gates Unbuffered Gates 


Typical Propagation Delay 


V DD = 5 V, C L = 50 pF 

150 ns 

60 ns 

V DD= 10 V 

65 ns 

30 ns 

V DD =15V 

50 ns 

25 ns 

Noise Immunity 

30% of V DD 

20%of V DD 


at 5 and 10 V 

at 5, 10, and 15 


27% at 15 V 


Noise Margin Vpjj)= 5 V 

1 V 

0.5 V 

10 V 

2 V 

1.0 V 

15 V 

2.5 V 

1.0 V 

Typical Output Impedance 



V DD = 5 V, V 0 = ±0.4 V 



2-Input Gate 

400 ohms 

200-400 ohms 

3-Input Gate 

400 ohms 

133-400 ohms 

4-Input Gate 

400 ohms 

100-400 ohms 

Typical Output Transition Time 



V D D = 5 V,C L = 50pF 



(2-, 3-, 4-Input Gates) 

100 ns 

50-100 ns 

AC Gain Vj)p)=10 V 

«68dB 

~23 dB 

AC Bandwidth VppplOV 

280 kHz 

885 kHz 

Output Oscillation For 



Slow Inputs 

Susceptible 

Not Susceptible 


For t r ,tf > 1 ms 

For t r ,tf to 100 

Typical Input Capacitance 



Average 

1-2 pF 

2-3 pF 

Peak 

2-4 pF 

5-10 pF 


Table I— Comparison of Buffered and 

Unbuffered Gate Characteristics 


Characteristic 

Buffered 

Unbuffered 

Propagation Delay 

Slow 

Fast 

Noise 

Immunity/Margin 

Excellent 

Good 

Output Impedance 
and Output Transi- 
tion Time 

Constant 

Variable 

AC Gain 

High 

Low 

Output Oscilla- 
tion for Slow 
Inputs 

Yes 

No 

Input Capacitance 

Low 

High 


Noise Immunity— Table III shows the de- 
tailed input-voltage data-sheet specifications 
for buffered and unbuffered gates. From 
these test conditions the user-oriented noise- 
immunity and noise-margin data of Table II 
are derived. Also refer to Figs. 5 and 6 for 
the voltage-transfer characteristics that illus- 
trate the reason for the different input-volt- 
age-specification requirements for buffered 
and unbuffered devices. 

Output Impedance— Refer to Figs. 3 and 4 
and accompanying descriptions of the con- 
stant output impedance of buffered gates 
and the variable output impedance of un- 
buffered gates. Note that both buffered and 
unbuffered RCA 2-, 3- and 4-input gates are 
designed to meet the same maximum output 
impedance; output current ratings (Iql an d 
Iqh) have the same minimum limit on RCA 
data sheets. 

Output Transition Time— The time required 
for a CMOS output to transfer high or transfer 
low is constant for buffered gates but varies 
according to input logic states for unbuffered 
gates. Output transition time varies as a 
function of the driving source resistance of 


the output, which is state dependent as 
indicated in Fig. 4, as well as the device 
output capacitance, which is dependent on 
both device size and input logic state. Be- 
cause of variable output capacitance, output- 
transition-time variations are not a linear 


function of output resistance. As Table II 
shows, RCA 2-, 3- and 4-input unbuffered 
gates exhibit a net 2-to-l difference in output 
transition time even though the output 
resistance has a net 4-to-l variation for the 
4-input gate. 
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Table Ill-Input-Voltage Specifications 


Characteristic 

O 

> 

V DD 

Limit 

Min. Max. 

Units 

Input Voltage 






Low (V IL ) 

4.5 

5 

- 

1.5 

Volts 

9 

10 


3 


B 

13.5 

15 

- 

4 


UB 

4.5 

5 

_ 

1 



9 

10 

- 

2 



13.5 

15 

- 

2.5 


Input Voltage 






High (V IH ) 

0.5 

5 

3.5 

- 


1 

10 

7 

— 


B 

1.5 

15 

11 

- 


UB 

0.5 

5 

4 

_ 



1 

10 

8 

_ 



1.5 

15 

12.5 

- 



Notes: 

1. Noise-immunity voltage is the Vjl or Vjjj Specification Limit. 

2. Noise-margin voltage is computed as follows: 

Noise-Margin Voltage = Vj L - <VdD“ V o) 

= CVdd^VhD-Vo. 


AC Gain and Bandwidth— CMOS linear-mode 
gain was measured for both the buffered and 
unbuffered RCA 2-input NOR gate by means 
of the test circuit of Fig. 7. Fig. 8 shows 
typical linear-mode gain difference between 
buffered and unbuffered RCA 2-input NOR 
gates. While absolute performance depends on 
device type (inverters; 2-, 3-, 4-input gates) 
and test configurations, Fig. 8 defines the 


approximately 3-to-l difference in linear- 
mode performance between buffered and 
unbuffered gates. 

Output Oscillation for Slow Inputs-The high 
linear-mode gain of buffered CMOS devices 
can lead to undesirable oscillation at outputs 
when input ramps are in excess of approxi- 
mately 1 millisecond duration. Fig. 9 illus- 


and therefore increases the effective average 
input capacitance. Buffered gates and inverters 
are rated at a maximum input capacitance of 
1 unit load (7.5 picofarads- JEDEC standard); 
unbuffered gates and inverters are rated at 2 
unit loads (15 picofarads maximum). High- 
current unbuffered drivers, such as the CD- 
4049UB, are rated at 3 unit loads (22.5 
picofarads maximum). 



92CS-2B338 


Fig. 7 — Linear-gain test circuit. 



(a) TYPICAL CD400IB LINEAR GAIN 



(b) TYPICAL CD400IUB LINEAR GAIN 

92CS-2B339 

Fig. 8 — Typical linear-mode gain of buffered and 
unbuffered 2-input NOR gate. 


2-3 mV OF NOISE 
ON RAMP 



(ALSO APPLICABLE TO tf> I ms) j BEGINS 

I 

I 



92CS-26340 

Fig. 9 — Buffered output oscillation for a slow input. 

trates this effect when approximately 1 to 2 
millivolts of ac noise within the device band- 
width on the input signal are amplified 
through the device and tend to develop a few 
cycles of oscillation between the positive and 
negative rails under 5 -volt operation. In 
contrast, unbuffered gates do not tend to 
oscillate unless a noise voltage of 200 to 300 
millivolts were present within the bandwidth 
of the device. An input ramp of up to 100 
milliseconds duration did not create oscilla- 
tion in laboratory tests of RCA unbuffered 
gates. 

Input Capacitance-Figs. 10 and 1 1 show the 
dynamic input capacitance of the RCA 
buffered and unbuffered 2-input NOR gates, 
respectively. The large MOS transistor geo- 
metry of the unbuffered NOR gate is 
responsible for the higher peak input capaci- 
tance (Miller effect) in the linear switching 
range. The longer dwell in this linear region 
also tends to broaden the Miller capacitance, 


Applications Guidance 

Table IV summarizes preferred application 
areas for both buffered and unbuffered RCA 
B-series IC products. This information is based 
on the buffered and unbuffered CMOS device 
characteristics listed in Table II combined 
with the author’s experience and familiarity 
with the application areas indicated. The 
information given is general guidance to allow 
the designer to key in on the specific 
performance characteristics of either device 
type. The data provided in this Note are 
derived from RCA standardized B and UB 
products whose circuit designs were imple- 
mented to match performance between UB 
and B gate types as closely as possible. For 
example, device sizes were selected to assure 
matched output drive. In addition, the pro- 
cess and layout rules followed in B and UB 
designs of RCA product are identical, as is 
the use of improved gate-oxide protection 
circuitry for B and UB product. 

RCA Gate, Inverter, and Driver Products 

Table V is a current list of SSI (small 
scale integrated) B and UB products presently 
in production by RCA. Refer to RCA pro- 
duct guides and the Databooks for detailed 
product information.! 

References 

1 . COS/MOS Digital Integrated Circuits, Pro- 
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RCA Integrated Circuits, Databook, SSD- 
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Fig. 10 — Input capacitance of a buffered 2-input 
NOR gate (CD4001B). 



Fig. 11 - Input capacitance of an unbuffered 2-input 


NOR gate (CD4001UB). 


Table IV— Applications of Buffered and Unbuffered CMOS Gates and Inverters 


Application 

Buffered 

Unbuffered 

High-Speed Systems 

- 

Preferred 

High-Noise Environments, 
Low-Speed Systems 

Preferred 


Ultra- Low-Frequency Systems 
Inputs <1 kHz sine wave or 
ramps with t r ,tf >1 ms* 
excluding Schmitt Triggers 


Preferred 

Gate Applications Requiring 
Constant Output Impedance 
Such as D/A R-2R Conversion 

Preferred 


High-Freq., Moderate Gain, 

Linear Amplification 

_ 

Preferred 

Low-Freq., High Gain, 

Linear Amplification 

Preferred 




* Applies to gates of inverter designs of Astable or Monostable multivibrators 
with T > 1 millisecond. 


Table V-RCA COS/MOS Buffered and 
Unbuffered Gate, Inverter, and 
Driver Types 


Buffered 

CD4000B 

CD4001B 

CD4002B 

CD4010B 

CD4011B 

CD4012B 

CD4023B 

CD4025B 

CD4050B 

CD4068B 

CD4071B 

CD4072B 

CD4073B 

CD4075B 

CD4078B 

CD4081B 

CD4082B 


Unbuffered 

CD4000UB 

CD4001UB 

CD4002UB 

CD4007UB 

CD4009UB 

CD4011UB 

CD4012UB 

CD4023UB 

CD4025UB 

CD4041UB 

CD4049UB 

CD4069UB 
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Radiation Resistance of the COS/MOS 
CD4000A and CD4000B Series 


by M. N. Vincoff 

Complementary MOS (COS/MOS) inte- 
grated circuits possess many advantages which 
recommend their use in radiation-susceptible 
space and military environments. Several of 
the most significant of these advantages 
are: ultra-low standby-power consumption, 
high noise immunity, 1 extremely high pack- 
aging density, and inherently high reliability?’ 3 
These advantages, along with the improved 
radiation resistance of the 1975 and 1976 
RCA CD4000A and CD4000B series over the 
previous CD4000 and CD4000A series de- 
scribed in earlier radiation studies, 4 exhibit 
the maturity reached by the MOS technology 
since 1969. 

A number of studies of the radiation 
resistance of complementary MOS devices 
by JPL, NASA, NRL and various companies 
in the space industry have revealed two areas 
of prime concern. 5 ’ 6 The first, permanent 
radiation exposure, as experienced in a space- 
satellite environment, causes a shift in thres- 
hold or switching voltage, which could result 
in increased leakage current, II. The second, 
transient radiation exposure, as experienced 
in an atomic environment, causes the output- 
voltage levels to respond to a pulse of 
ionizing radiation; this effect could change 
the state of the logic circuitry and require 
resetting of that circuitry for proper equip- 
ment or system operation. 


Permanent-Radiation Resistance 

The CD4000 series was resistant to perma- 
nent radiation levels of 2 x 10 4 rads (ap- 
proximately 10 12 e/cm 2 ) in 1971 and 1972. 
In 1973, the RCA CD4000A-series devices 
without special processing were found to be 
resistant to radiation levels up to 2 x 10 5 
rads (approximately 10 13 e/cm 2 ), as shown 
in Fig. I. 4 In this figure the change in 
switching voltage Vg was plotted as a func- 
tion of dose; the value of Vg was calculated 
from the average value of Vyjq and Vjp for 
the devices mentioned. In 1974 a minor 
change was made to the process and the 
radiation resistance was reduced to the 
1971 — 1972 level. In late 1974 and early 
1975 a JPL/NASA contract study resulted 
in a second change to the process (gate- 
oxide area); the change achieved a repeated 
radiation-resistance level of 1 x 10 5 rads 
(Si). This level of radiation resistance is 
presently provided on Class A parts having a 
“Z” designation after the part number. 


Vqd* 10 VOLTS. DOSAGE * Co bU GAMMA SOURCE 

1 1971,72,74 | 

2 1973, 1975 I 

3 1976 SOME 
DEVICE TYPES 


I 


CD4000 

CD4000A 

SERIES 


/ CD4000A a / 
CD4000B / 

its SERIES / 

/ jy 


/ 






2*I0 4 
RADS (Si) 
I 




10'° 10" 10'* I0 IJ I0' 4 

(e/cm 2 ) 

'* POSITIVE BIAS APPLIED 100% OF THE TIME 9 2C s- 22496 Ri 
Fig. 1 - Permanent radiation resistance of CD4000 - , 
CD4000A- and CD4000B-series devices. 


Product with this designation is tested on a 
lot-sampling basis using a Gamacell-200 
Co-60 radiation source. Latest radiation- 
process improvements and resultant pro- 
duction studies indicate that some 1976 
product exhibits radiation-resistance levels 
up to and beyond 1 x 10 6 rads (Si). RCA 
expects to have production CD4000A and B 
series product available to lx 10 6 rads (Si) 
in 1977. 

The new radiation level of the CD4000A 
and B series represents a significant im- 
provement over the previous CD4000A 
series. In addition, with minimal shielding 
(for example, 1/16-inch of aluminum) the 
CD4000A or B series can be used in appli- 
cations with levels of radiation up to 2 x 10 6 
rads (approximately 10 14 e/cm 2 ). 

Transient-Radiation Resistance 

The resistance of the latest CD4000A and 
B series (1975 and 1976) to transient 
radiation is expected to be better than that 
of the past CD4000A series, which should 
withstand pulses of radiation in the range of 
approximately 10 9 to 10 10 rads/s. 7 

Design Considerations 

The resistance of the CD4000A- and 
B-series devices to either perfnanent- or 
transient-radiation exposure can be increased 
by providing either minimal shielding in the 
equipment enclosure containing the devices 
or by locating the devices deep within the 
equipment. In any case, the action taken 
will depend on the constraints dictated by 
the radiation environment imposed by the 
system or program. Each application must be 
tested and the results analyzed with the 


data in this Note as criteria. Test items to 
be considered are radiation environment, 
which will vary greatly depending on dosage 
rate; time of exposure; amount of normal 
shielding; distance of the device from the 
radiation source; shielding afforded by the 
atmosphere; power-supply voltage selection; 
and switching cycles used during exposure. 
For example, consider the effects of perma- 
nent radiation on two spacecraft in 90-degree 
orbits at 600 and 1500 nautical miles from 
the earth, respectively. The dose-depth is 
determined as shown in the curves of Fig. 2. 



(o) 600-MILE, 90* ORBIT (b) 1500-MILE, 90° ORBIT 

92CS- 22846 

Fig. 2 — Dose-depth curves for trapped electrons 
and protons in spacecraft in orbit. 

In these curves the dose in rads (Al)/day is 
plotted as a function of the thickness of 
spacecraft aluminum required to shield the 
devices from trapped electrons and protons. 5 

Conclusion 

The RCA COS/MOS CD4000A and B 
series exhibit improved radiation resistance 
over the previous CD4000A series, and 
operate well in many applications in which 
permanent and transient radiation effects 
are factors. When stringent radiation re- 
quirements are imposed, additional shielding 
can be employed to increase the radiation 
life of COS/MOS CD4000A- or B-series 
devices to any desired level, i.e., to make 
their radiation resistance equivalent to that 
of bipolar devices. 6 ’ 8 


Reference 

1. Eaton, S.S., “Noise Immunity of RCA 
COS/MOS Integrated Circuit Logic 
Gates”, RCA Application Note ICAN- 
6166. 

2. Vincoff, M.N. and Schnable, G.L., 
“COS/MOS is a High-Reliability Tech- 
nology”, RCA Technical Publication 
ST-6112. 

3. M.N. Vincoff and G.L. Schnable, 
“Reliability of Complementary MOS 
Integrated Circuits,” IEEE Transitions 
on Reliability, R-24, pp 255-259 (Oct. 
1975). 


657 



ICAN-6563 


4. Ezzard, G., “Radiation Effects on 
COS/MOS Devices”, RCA Application 
Note ICAN-6604 (covers CD4000 
series). 

5. Brucker, G.J., “COS/MOS Device 
Sensitivity in Outer-Space Radiation 
Environment”, Report No. X72002, 
Oct. 17, 1973, RCA Astro Electronics 
Division. 

6. E. M. Reiss, “Radiation-Hardened 
CMOS”, for presentation at the 1976 
Government Microcircuits Application 
Conference. 

7. Dennehy, W.J., et al., “Transient 
Radiation Response in Complementary- 
Symmetry MOS Integrated Circuits”, 
RCA Technical Publication ST-4308. 

8. Smith, J.M., and Murray, L.A., “Radi- 
ation Resistant COS/MOS Devices”, 
RCA Technical Publication ST-4723. 

9. Poch, W.J., and Holmes-Siedle, A.G., 
“Permanent Radiation Effects in COS/ 
MOS Integrated Circuits”, RCA Tech- 
nical Publication ST-4174 (covers 
CD4000 series). 


10. Schambeck, W., “Radiation Resistance 
and Typical Applications of RCA COS/ 
MOS Circuits in Spacecrafts”, Tele- 
metry Journal, June/July 1970 (covers 
CD4000 series). 

11. Schambeck, W., “Effects of Ionizing 
Radiation on Low-Threshold C-MOS 
Integrated Circuits”, DFVLR Institute 
for Satellite Electronics, Oberpfaffen- 
hofen,W. Germany, April 1972 (covers 
CD4000A series). 

12. Danchencko, V., “Radiation Damage 
in MOS Integrated Circuits, Part I”, 
Sept. 1971, Goodard Space Flight 
Center, Report X-71 1-71-410 (covers 
CD4000A series). 

13 Poch, W.J., and Holmes-Siedle, A.G., 
“The Long-Term Effects of Radiation 
on Complementary MOS Logic Net- 
works”, IEEE Transactions on Nuclear 
Science NS- 17 (6), Dec. 1970 (covers 
CD4000 series). 


14. King, E.E., Nelson, G.P., and Hughes, 
H.L., “The Effects of Ionizing Radi- 
ation on Various COS/MOS Integrated 
Circuit Structures”, IEEE Transactions 
in Nuclear Science, No. 6, pp. 264, 
Dec. 1972, RCA Technical Publication 
ST-6161. 

15 Peel, John L., et al., “Radiation- 
Hardened Complementary MOS Using 
Si02 Gate Insulators”, IEEE Trans- 
actions on Nuclear Science, No. 6, 
pp. 271, Dec. 1972. 

16 Schlesier, K.M., et al., “COS/MOS 
Hardening Techniques”, IEEE Trans- 
actions on Nuclear Science, No. 6, 
pp. 275, Dec. 1972. 

17. E.M. Reiss and M.N. Vincoff, “Effects 
of Variation of Gate Oxide Anneal 
Temperature on Radiation Resistance 
arid - Reliability of CMOS Devices”, 
presented at the Conference on Nu- 
clear and Space Radiation Effects, 
Humbolt State College, Areata, Calif- 
ornia July 14-17, 1975, Conference 
Summary, pp. 349-353 (1975). 


658 



ICAN-6564 


Applications of CD40107BE 
COS/MOS Dual NAND Buffer 

by D. J. Blandford and G. L. Gimber 


This Note describes the characteristics 
of the COS/MOS dual NAND buffer, the 
CD40107BE, and the wide variety of practi- 
cal applications in which this important 
addition to the CD4000-series of COS/MOS 
devices can be used. 

CHARACTERISTICS 

Fig. 1 shows the logic diagram of the 
CD40107BE, which consists of two 2-input 
NAND buffers in an eight-pin plastic pack- 


A. D 

B. E 




92CS-28347 

Fig. 1 — Logic diagram of the CD40107BE 
NAND buffer. 


age; pin assignments are shown in Fig. 2. 
The bar on the output line of the logic 
diagram in Fig. 1 indicates that the output 
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Fig. 2 — Pin assignments of the CD40107BE. 

is open-drain, as shown in Fig. 3, the circuit 
diagram and truth table for a single buffer. 



Fig. 3 - (a) Circuit diagram of the CD40107BE, 
(b) truth table for 1 of 2 gates. 


Each input includes the standard COS/MOS 
protection network, a 1.5 kilohm input 
resistor and diodes to Vqq and Vgg. The 
output device is a large n-channel transistor. 
Typical transistor sink-current characteristics 
are shown in Fig. 4 in which drain current, 
Ip)[vj, is plotted against drain-to-source voltage, 
V DS , for V GS = 5 V, 10 V and 15 V (i.e., 
Vdd = 5 V, 1 0 V, and 1 5 V). Note, for ex- 
ample, that for a Vpg of 1 volt and a 10-volt 
supply, the NAND buffer is capable of sink- 
ing typically 120 milliamperes. Applications 
of this large current-sinking capability are 
described below. 

A pull-up resistor from the output (pins 
3 or 5) to Vp)£) enables the device to per- 
form the logical NAND function, as shown 
in the truth table. Fig. 3(b). Useable values 
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Fig. 4 — Minimum output low (sink) current 
characteristics of the CD40107BE. 


of pull-up resistance lie between approxi- 
mately 100 ohms and 1 megohm. Care should 
be taken when choosing a pull-up resistor 
or any other load not to exceed the maxi- 
mum power dissipation of the device. De- 
signers should refer to the device data sheet 
for allowable dissipation limits over the 
desired temperature range. 

The three stages of gain from input to 
output of the CD40107BE, Fig. 3(a) result 
in a very sharp transfer characteristic. Fig. 5, 
near the ideal for a digital logic device. 
More complete characteristics are given in 
the CD40107B data sheet. 1 
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Fig. 5 - Transfer characteristics of the 
CD40107BE showing source- 
bias effect. 


PRACTICAL APPLICATIONS 

Practical applications of the CD40107B 
overlap with those of other devices in the 
COS/MOS CD4000 series, for example, with 
the logical NAND function of the CD4011 
and with the buffer function of the CD4041, 
CD4049, and CD4050. However, the appli- 
cations described in this Note are those for 
which, until now, no COS/MOS NAND 
buffer has had sufficient drive capability, in 
the hundred milliampere range. 

In the first of these applications, Fig. 6, 
two NAND buffers are each driving a 2.2- 
watt, 12-volt incandescent lamp. The cir- 
cuit is arranged as an astable oscillator with 
its period of approximately two seconds 
determined by the external capacitor and 
resistors. In this and other similar appli- 
cations the load is used as a pull-up from 
the open-drain output to a power-supply 
voltage greater than zero and equal to or 
less than Ypp). 


1/2 CD40I07BE 




Sb^DR- 

cG> -«■ 

. I/2CD40K 


5 Hz 
1/2 C040I07BE 


Fig. 6 — A 2.2-watt incandescent lamp-driver 
circuit. 
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The same type of astable circuit is shown 
in Fig. 7, but with a single load device, an 
LED with a current limiting resistor of 150 
ohms. The NAND buffer, as well as driving 
the load, forms part of the astable circuit, 
with one of its inputs used as an enable; 
when this input is low, the LED is perma- 
nently off. The other half of the astable 
oscillator utilizes a two-input NOR gate, 
the CD4001AE, one input of which is used 
as an inhibit. With the timing components 
shown, the astable frequency is approxi- 
mately 4 Hz. 


v 00 -+s 



INHIBIT ENABLE OUTPUT 

0 0 OFF 

1 0 OFF 

0 I OFF 

1 I ON 

92CS -28353R I 

Fig. 7 — LED driver circuit. 


The NAND buffer is typically capable of 
sinking 120 milliamperes at a Vj)g of 1 volt 
with a 10-volt supply. It therefore meets the 
typical requirements for the current-sinking 
device at the cathode terminal of a common- 
cathode LED multiplexed display circuit, 
Fig. 8. In this display circuit, data is 
presented in the form of four BCD numbers 
to be displayed on the four seven-segment 
LED’s; the clock input determines the multi- 
plexing rate. The two D-type flip flops of the 
CD4013AE or BE are arranged as a two-stage 
Johnson counter, the two Q outputs of 
which select the data transferred by the 
CD4052BE multiplexers to the CD4511BE 
decoder-driver. The same Q outputs are 
decoded by the four NAND buffers and 
used to turn on the seven-segment displays 
in the correct sequence. For example, when 
Q1 = 1 and Q2 = 0, both inputs of the 
NAND buffer marked B in Fig. 8 are high, 
and the buffer sinks current through the 
diodes of the second seven-segment display 
digit. 



Fig. 8 - Multiplexed LED circuit. 


By using the two NAND buffers of a single 
eight-pin DIP in parallel, it is possible to 
interface directly from a COS/MOS system 
to a heavy-duty load typified by the com- 
puter peripheral-printer hammer solenoid of 
Fig. 9. This type of solenoid typically re- 
quires 250 milliamperes to turn on which, 
at a supply voltage, V DD , of 12 volts, 
implies a of approximately 0.6 volt. 
To prevent excessive current flow through 
the electrostatic-protection diodes to Vpj) 
at the outputs of the NAND buffers, 
in applications such as the one under dis- 
cussion, the switching of inductive loads, the 
protection diodes should be shunted with a 
low-dynamic-impedance switching diode, such 
as a 1N4154. 

In many systems where COS/MOS devices 
are used for their wide operating-voltage 


V DD *+-I2V 


CONTROL 1 
INPUTS | 

Fig. 9 


range and high noise immunity, and particu- 
larly in industrial control applications, it is 
important to be able to drive relays directly. 
Fig. 10 shows a NAND buffer driving a 




185 OHM 2 POLE 

CHANGE-OVER 
RELAY . 12 V 

92CS- 28356 

Fig. 10 - Relay driver circuit. 

common type of 12-volt relay, a two-pole 
change-over type with a coil resistance of 
185 ohms. Again, a 1N4154 shunt diode 
is advisable. 

Fig. 1 1 shows a reversible 1 2-volt tape- 
recorder motor driven by two NAND buffers 
in a bridge circuit. Two p-n-p transistors 
provide an active pull-up to Vj^q. 

SCR’s and triacs typically require tens of 
milliamperes of gate current, more than the 
current capability of a standard COS/MOS 
device output. The NAND buffer, however, 
is able to sink sufficient current, and in 




Fig. 11 — Motor-controller circuit. 
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Fig. 12 is seen driving a 2N5756 triac. 
If isolation is required between the COS/MOS 



T i , and when 5- to 1 0-microsecond pulses are 
applied at a 100-Hz repetition rate to the 
COS/MOS input, sufficient current flows in 
the transformer secondary to keep the triac, 
a T2700D, turned on. The NAND-buffer 
circuits make it possible for a COS/MOS 
system to control several amperes of current 
at line voltage. 

Line driving is another application re- 
quiring large current pulses; Fig. 14 shows 
two NAND buffers driving a twisted-pair 


COS/MOS to TTL interface shown in Fig. 15. 
The V DD pin of the CD40107BE is con- 
nected to the power supply of the COS/MOS 
system, the external pull-up resistor to the 
5-volt TTL supply. The values of the pull-up 
resistor required and the number of loads 
that may be driven are shown in the table 
accompanying Fig. 15. 


92CS-28358 transmission line. Clock rates up to 8 MHz 

Fig. 12 - Direct dc drive interface Of CD40107BE are r eadil y achieved by circuits driving five 

with a triac. meters of a 130-ohm line twisted at two 

turns per inch. 

and triac systems, the circuit of Fig. 13 is One of the most important applications 

used. In the figure, the NAND-buffer load for the open-drain NAND buffer is the 
is the primary coil of a pulse transformer 



DATA 2 TURNS per inch. 

Fig. 13 - Interface of CD40107BE with triac, input 

with COS/MOS component and triac 



Fig 15 - COS/MOS to TTL interface. 


References 

1 . Preliminary Data Sheet for the CD40107BE. 
COS/MOS Dual 2-Input NAND Buffer/ 
Driver, 1976; or RCA Databook, Series 


isolated. 


Fig. 14 - Line-driver circuit. SSD-210, 1976. 


661 




I CAN-6572 


COS/MOS Electrostatic-Discharge 
Protection Networks 

by H. L. Pujol 


RCA’s two families of CMOS 
devices, the standard A series (3 to 15 
volts) and the high-voltage B series (3 to 
20 volts), are equipped with networks to 
protect the gate oxide of the devices 
against damage resulting from discharge 
of electrostatic energy between any two 
pins. 

The gate input of a CMOS device is 
equivalent to a small, low-leakage 
capacitor (typically 5 picofarads) in 
parallel with a very high resistance 
(typically 10^ ohms). Because of this 
extremely high impedance which lends 
itself to the buildup of electrostatic charge, 
even a very low energy source (such as a 
static charge) is capable of developing 
voltages in the order of 80 volts, the 
typical breakdown voltage of an MOS gate 
oxide. In contrast with other semicon- 
ductor devices in which the breakdown 
can be tested any number of times without 
damage, the MOS gate oxide can be 
shorted, and the device destroyed, as the 
result of only one voltage excursion to the 
breakdown limit. 

Protection Networks 

Figs. 1 through 4 show the various 
protection networks incorporated in all 
COS/MOS product. 

Standard Protection Networks 

Fig. I shows the standard protection 
network incorporated in all A-series and 
some B- series devices. Input-diode D 2 is a 



* THESE DIODES ARE INHERENTLY PART OF THE 
MANUFACTURING PROCESS. 

92CS - 27964 

Fig. 1 — Standard protection network. 


distributed resistor-diode network that 
appears as two diodes to 

Improved Protection Network 

Fig. 2 shows the improved protection 
network incorporated on all new B-series 
devices as well as on all A-series B- 
con verted types. 



* THESE DIODES ARE INHERENTLY PART OF THE 
MANUFACTURING PROCESS. 

92CS-27963RI 


Fig. 2 — Improved protection network. 



*THESE DIODES ARE INHERENTLY PART OF THE 
MANUFACTURING PROCESS. 

92CS-27966 

Fig. 3 — Modified protection network. 






Vss 

-O- 
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DIODE BREAKDOWN 1 

Ola 25 V OGATE 2 

D2 a 50 V 

♦THESE DIODES ARE INHERENTLY PART OF THE 
MANUFACTURING PROCESS. 

92CS- 27967 


Fig.4 — Transmission gate with intrinsic diodes 

that protect against electrostatic discharge. 


Other Protective Networks 

Fig. 3 shows the modified protective 
network for a CD4049/4050 buffer. The 
input diode to Vj)j) is not incorporated so 
that the level- shifting function can occur. 

Equivalent-Body Discharge Network 

The protection networks described in 
this Note are evaluated and characterized 
by using the equivalent-body discharge 
network of Fig. 5. As C is increased, the 
amount of static energy dumped into the 
CMOS device increases. As R is 
decreased, the energy dissipated outside 
the device is reduced, thereby increasing 
the energy dissipated in the unit. A 


mercury relay is used to switch the RC 
source because such relays are fast and 
free from arcing or bouncing effects. 
Characterization of the various protection 
networks is done in 12 different com- 
binations of inputs, outputs, and 


+ 0 — vw—q 

HIGH- V 

uni TAcr r 


HIGH 

VOLTAGE 

SUPPLY 


-O ‘'H^L 

Y 100 pF 


► DEVICE 
UNDER 

► TEST 


Ch* HUMAN BODY CAPACITANCE TO GROUND 
R s * BODY SOURCE RESISTANCE 

92CS- 27968 


Fig. 5 — Equivalent-body discharge network. 


polarities. The combinations include all 
combinations of any two of the following 
pins: input, Vj)j), Vgg, and output. 

Evaluation of a protective network 
begins with the charging of a 100- 
picofarad capacitor through a 22-megohm 
resistor and a mercury relay to the desired 
voltage. The capacitor Cjj of Fig. 5 is 
then discharged through the same mer- 
cury relay and a 560-ohm resistor into the 
pins under test. Results of repetitive tests 
are used to determine the worst-case 
capability of the protective networks. 
Table I. 

TABLE I - Worst-Case Capability of 
Protective Networks 


Worst-Case 

Protective Network Capability 


Standard 

(incl. CD4049, CD4050) 
Improved 
Transmission Gate 


1 kV to 2 kV 
4 kV 
<800 V 


Additional protection can be obtained 
by adding external series resistors at 
device inputs. The value of this resistance 
should be approximately 10 kilohms for 
gate inputs and 1 kilohm for transmission 
gate inputs. In addition, zener diodes at 
the output pins can clamp the voltage to a 
safe level. The zener-voltage should not 
exceed the absolute maximum rating of 
the part. On-chip protection networks are 
not used on transmission gates so that 
their low “on” resistance can be main- 
tained. The 800-volt worst-case capability 
shown in Table I is provided by the in- 
trinsic diodes shown in Fig. 4. 

The value of the input resistor on all 
protection networks, except that used in 
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transmission gates, can vary between 100 
ohms and 2.5 kilohms because of circuit- 
design differences. This resistance, in 
conjunction with the capacitance of the 
gate and the associated protective diodes, 
integrates and clamps the device voltages 
to a safe level. The diagrams of Figs. 6, 7, 
and 8 demonstrate that the standard 
protection networks prevent higher than 
normal voltages from reaching the gate of 
the MOS device. In addition, the low RC 
time constant assures that circuit speed 
remains unchanged in spite of the ad- 
ditional components. 


Because of the presence of the in- 
tegral protection network, the Vj)j) 
power supply must not be turned off while 
a signal from a low-impedance pulse 
generator is being applied at an input of a 
COS/MOS circuit. Should the Vj)j) 
supply be turned off under such con- 
ditions, the Vj 3 £) line would be essentially 
grounded, and a positive voltage from the 
pulse generator would be impressed across 
the input diode to Vdq. This voltage 
could cause permanent damage to the 
diode or burn out the Vj)D metallization. 
If it is expected that any input excursion 


will exceed + Vj)j) or fall below Vgg, the 
current through the input diodes should be 
limited to 10 milliamperes or less to assure 
safe operation. 1 


Reference 

1. For additional operating con- 
siderations see “Guide to Better 
Handling and Operation of CMOS 
Integrated Circuits,” J. Flood, H. L. 
Pujol, RCA Solid State Application 
Note ICAN-6525. 
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Fig. 6 — Circuits used to provide protection between input pin 


Fig. 7 — Circuits used to provide protection between 


and VQQpin. 


input pin and ground pin. 
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Fig. 8 — Circuits used to provide protection between input pin and output pin. 


663 



ICAN-6576 


Power- Supply Considerations 
for COS/MOS Devices 

by H.L. Pujol 


RCA COS/MOS Digital Integrated Circuits operate at 
extremely low power dissipation levels. They function 
reliably with high noise immunity over a wide operating- 
voltage range. The RCA COS/MOS product line includes a 
standard line designed to operate with voltage supplies 
from 5 to 15 volts and a low voltage “A” series line 
designed to operate from 3 to 15 volts. These properties 
enable system designers to operate RCA COS/MOS 
devices from unregulated, poorly-filtered supplies, or from 
a wide variety of single- or multiple-cell battery sources. 

This Note describes the salient features of COS/MOS 
devices which permit operation from such a wide range 
of power sources and provides the system designer with 
the necessary information to permit him to design the 
most economical power source for his COS/MOS system. 
This Note is applicable to both COS/MOS product lines 
mentioned above. 

REVIEW OF PERTINENT COS/MOS DEVICE 
FUNDAMENTALS 

Enhancement-Mode Device Characteristics 

The MOS enhancement transistor is a majority-carrier 
device (See Fig. 1) in which the current in a conducting 
channel between two diffused electrodes (denoted as the 
source and the drain) is controlled (enhanced) by a 
voltage applied to a third terminal (the gate), which is 
insulated from the source and drain. 



Fig. 1- Cross-section of COS/MOS transistor. 


In an n-type device, the majority carriers are elec- 
trons. A positive voltage on the gate is required to 
enhance the conducting channel. For all gate voltages less 
than a threshold value (V^), the conductivity of the 
channel is negligible and the device is said to be cut-off. 
For gate voltages greater than V^, the channel is “en- 
hanced”, and current flow in .the channel will occur if a 
suitable voltage is applied between the source and drain. 
The resultant device characteristics are shown in Fig. 2a. 



The operation of the p-type device is analogous to 
that of the n-type, except that the carriers are holes, and 
the applied voltage requited to enhance the channel must 
be negative rather than positive. (See Fig. 2b). 

The gate electrode for a device of either polarity is 
insulated from the body of the device; therefore, current 
flows only from source to drain in the channel, never 
from the gate into the channel. 

ORAIN- TO -SOURCE VOLTS (V os ) 



Fig. 2b- Typical p-channe / characteristics. 


CHARACTERISTICS OF A BASIC COS/MOS 
LOGIC INVERTER 
Quiescent Device Dissipation. 

The basic logic inverter (or gate) formed by use of 
only a p- and an n-type device in series is shown 

schematically in Fig. 3. When the input lead is grounded 
or otherwise connected to 0 volts (logical the 

n-device is cut-off, and the p-device is biased on. As a 
result, there is a low-impedance path from the output to 
Vdd- ar *d an °P en circuit to ground. The resultant 
output voltage is essentially Vpp, or a logic “1”. 

Similarly, when the input voltage is a logic “1”, or 
Vdd, l ^ en n-channel device becomes a low imped- 
ance, while the p-channel device becomes an open circuit. 
The resultant output becomes essentially zero volts (logic 
“ 0 ”). 

Note that one of the devices is always cut-off at 
either logic extreme, and that no current flows into the 
insulating gates. As a result, the inverter quiescent power 
dissipation is negligible (equal to the product of Vqd 
times the leakage current). 

A cross section of the COS/MOS inverter as it is 
formed in an integrated circuit on an n-type substrate is 
illustrated in Fig. 1. The source-drain diffusions and the 
p-well diffusion form parasitic diodes (in addition to the 
desired transistors) at the basic inverter nodes, as shown 
in Fig. 4. These parasitic elements are back-biased (across 
the power supply) and contribute, in part, to the device 
leakage current and thus to the quiescent power 
dissipation. 



Fig. 3- Basic COS/MOS inverter (schematic). 


V DD 


~T Jn-SUBSTRATE 
p+ | I 



TO ! 

I l-J 


p-WELL 

Fig. 4- Basic inverter showing parasitic diodes. 


RCA’s product line of COS/MOS devices consists of 
circuits of varying complexity (i.e., from the dual 4-input 
logic gate that contain 16 MOS devices, to the more 
complex 64-bit static shift registers that contain over 
1000 devices). These devices occupy different amounts of 
silicon area and are composed of varying numbers of 
circuits formed from inverters. Consequently, each device 
in the family exhibits a particular magnitude of leakage 
current, depending upon the total effect of device count 
and parasitic diode area. For example, some logic gates 
are specified to operate with a typical power dissipation 
of 5 nW (Vdd = 10V)> but 7-stage counters or registers 
are specified to operate with a typical power dissipation 
of 5juW (Vdd^IOV)- Published data includes both 
typical device quiescent-current levels and maximum levels 
(Vdd = 5V and Vdd = * 0V)- The maximum values are 
rarely encountered in RCA devices. 

Device — Switching Characteristics. 

The input/output characteristics for the COS/MOS 
inverter are shown in Fig. 5. As mentioned earlier the 
signal extremes at the input and output are approxi- 
mately zero volts (logic “0”) and Vdd 0°8 ic “!”)• The 
switching point is shown to be typically 45 to 55% of 
the magnitude of the power-supply voltage (regardless of 
the magnitude of the power-supply voltage) over the 
entire range from 3 to 15 volts (or 5 to 15 volts). Note 
the negligible change in operating point from -55°C to +. 
125°C. 

These excellent switching characteristics permit COS / 
MOS devices to be operated reliably over a wide range of 
voltages, a property not found in other logic forms. 

AC Dissipation Characteristics. 

During the transition from a logic “0” to a logic “1”, 
both devices are momentarily on. This condition results 
in a pulse of instantaneous current being drawn from the 
power supply. The magnitude and duration of this 
current depends upon the following factors: 

(a) the impedance of the particular devices being used 
in the inverter circuit 

(b) the magnitude of the power-supply voltage 

(c) the magnitude of the individual device threshold 
voltages 

(d) the input driver rise and fall times 



92CS- IT7S0 


Fig. 5— Typical COS/MOS transfer characteristics as a 
function of temperature. 
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An additional component of current must also be 
drawn from the power supply to charge and discharge the 
internal parasitic node capacitances and the load capaci- 
tances seen at the output. 

The device power dissipation which results from the 
above current components is a frequency-dependent para- 
meter. The more often the circuit switches, the greater is 
the resultant power dissipation. The heavier the capacitive 
loading, the greater is the resultant power dissipation. The 
power dissipation is not duty-cycle dependent. For all 
intents and purposes it may be considered frequency 
(repetition-rate) dependent. 

Because the RCA COS/MOS product line ranges 
widely in circuit complexity from device to device, the ac 
device dissipations vary widely from device to device. The 
effect of capacitive loading on the individual devices also 
varies. Figs. 6a and 6b show a family of curves for a 
typical gate device and a typical MSI device. These 
curves, from the published data for the individual devices, 
illustrate how device power dissipation varies as a 
function of frequency, supply voltage and capacitive 
loading. 


AC Performance Characteristics. 

During switching, the node capacitances, within a 
given circuit, and the load capacitances external to the 
circuit, are charged and discharged through the p- or 
n-type device conducting channel. As the magnitude of 
increases, the impedance of the conducting channel 
decreases accordingly. This lower impedance results in a 
shorter RC time constant (this non-linear property of 
MOS devices can be observed from a close scrutiny of 
the characteristic curves in Fig. 2). The result is that the 

maximum switching frequency of a COS/MOS device in- 
creases with increasing supply voltage. (See Fig. 7a). 

Fig. 7b shows curves of propagation delay as a function 
of supply voltage for a typical gate device. However, the 
the trade-off for low supply voltage (i.e., lower output current 
to drive a load) is lower speed of operation. 

The power dissipated during switching (if the load is 
assumed to be capacitive) is equal to: 

Co V DD/ {power is equal to energy per unit time] 
where C G is the output and load capacitance, Vdd is the 
supply voltage, and f is the operating frequency in hertz. A 
measure of this power dissipation as function of frequency can 
be obtained from the model shown in Figs. 8a and 8b which 
assumes step inputs and zero mode capacitance. 

The average power for the square-wave input voltage 
shown (repetition rate f 0 = l/t Q ) is calculated as follows: 


p=j - 1 i N (t)v 0 dt +r J ip(0(v DD - V Q )dt 




10 I0 J I0 5 io 4 

INPUT CLOCK FREQUENCY (f CL ) — kHl 


Fig. 6- Typical power dissipation characteristics (a) Basic 
gate power dissipation characteristics (b) MSI device 
power dissipation characteristics. 




Thus, for a step input, the average power dissipated is 
directly related to the energy required to change and dis- 
charge the circuit capacitance to the supply voltage, Vdd- It 
should be noted that this power is independent of the device 
parameters. Although this equation was derived using an input 
voltage with a rise time of zero, it has also been shown to be a 
good approximation for circuits where the input voltage rise 
and fall times are small with respect to the repetition rate. 



Fig. 7- Operating frequency and propagation delay as a 
function of power-supply voltage (a) Maximum 
guaranteed operating frequency as a function of 
power-supply voltage (b) Propagation delay as a 
function of power-supply voltage for the basic 
gate. 


Calculating System Power 

The foregoing material presented fundamental reasons why 
COS/MOS devices exhibit extremely low quiescent power. 
Also presented were reasons why ac power dissipation in- 
creases with operating frequency and why it varies from 
device to device. 

For these reasons certain guidelines have been developed 
to assist the designer in estimating system power. Total sys- 
tem power is equal to the sum of quiescent power and 
dynamic power. Therefore, the two-step approach outlined 
below can be used: 

1 . Add up all typical package quiescent power dissipations 
(as shown in the RCA COS/MOS published data). 
Because quiescent power dissipation is equal to the 
product of quiescent device current times supply volt- 
age, this parameter may also be obtained by adding all 
typical quiescent device currents, and multiplying the 
sum by the supply voltage, Vdd- Quiescent device 
current is shown in the published data for supply volt- 
ages of 5 volts and 10 volts only. 

In cases where the supply voltage is other than that 
shown in the published data, the quiescent device cur- 
rent can be interpolated because this current varies 
approximately linearly with voltage. 



Fig. 8- Mode! for the evaluation of power dissipation 
(a) Waveforms ( b ) Circuit 

2. Add up all dynamic power dissipations using 
typical curves of dissipation per package as a 
function of frequency shown in the published 
data. In a fast-switching system, most of the 
power dissipation is dynamic, therefore, quiescent 
power dissipation may be neglected. 

The example below illustrates how these rules are 
used to calculate total system power dissipation. 
The system illustrated consists of ten 2-input NOR 
gates, eleven inverters, one D-type flip-flop, and 
one 7-stage binary counter. The system operates 
with a supply voltage of 10V at a frequency of 
100 kHz, and has a load capacitance of 15 pF. 
(See Table 1 ) 

Table I 


Types 

p Quiescent 

/LtW 

p Dynamic 

ir,W 

Gates 

0.03 

2 

Inverters 

0.01 

2 

D-type F/F 

0.05 

0.2 

Counter 

5 

0.6 

P T = P Q + P D = 4.8mW (neglecting Pq) 


This example assumes that all devices are switching at 
the clock-rate (100 kHz). Not all of the logic circuits will 
be switching states at this rate, thus, the total power 
dissipation will be significantly lower than that stated in 
the example. 
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Power-Supply Regulation Requirements. 

The preceding discussion demonstrated that COS/MOS 
devices exhibit reliable switching properties over a wide 
range of power-supply voltages. This fact implies that an 
unregulated supply may be used with the provision that 

(1) maximum voltage limits are not exceeded or 

(2) system speed is no greater than the speed which 
can be supported by the COS/MOS devices operating at 
the lowest value of the Vpn expected from the unregu- 
lated supply. 

To establish the extent of the regulation required, the 
system designer must first determine the maximum 
operating frequency required. Usually, the maximum 
frequency of the system is limited by the slowest 
responding devices in a logic chain; By reference to the 
curve of frequency as a function of Vqq and Cl given 
in the published data for that device, a minimum Vj)d 
voltage (required for proper operation) can be deter- 
mined. Any value above this Vj)D (minimum) will 
provide acceptable performance in the system. By selec- 
tion of a nominal Vpp half way between Vpp (mini- 
mum) and the 15-volt maximum rating for COS/MOS 
devices, the designer can estimate the percentage regula- 
tion required for his system to perform adequately. 

For example, the published data of the RCA 
CD4004A 7-stage binary counter shows a curve (shown in 
Fig. 9) of frequency as a function of operating voltage 
for that device. For operation of this counter at 5 MHz, 
with a loading capacitance of 15pF, the minimum operat- 
ing Vdd permitted for reliable operation is 10 volts, as 
shown on the curve. 

Because the maximum Vqq is 15 volts, a half-way 
voltage of 12.5 volts should be the nominal value used. 
In this case, the maximum percentage regulation is 20%. 
If the designer desires a nominal VpD closer to Vpj) 
minimum, then better regulation is required, (for example 
in battery-operated equipment where a standard cell is 
available). 

Filtering Requirements 

Power-supply filtering requirements for COS/MOS 
systems are minimal. Two factors account for this 
situation: (1) the low quiescent power dissipations 
involved, and (2) the fact that the peak value of the 
ripple does not go below a minimum Vq D (which 
supports the required switching frequency), so that the 
COS/MOS logic performs satisfactorily. 



Fig. 9- Maximum frequency as a function of power-, 
supply voltage for the CD4004 and CD4004A 
types. 


This performance has been demonstrated in the 
laboratory (see Fig. 10). The amount of ripple on the 
power supply is quite high, yet the device functions 
properly. 

Typical Supplies 

The following circuits indicate some examples of 
adequate supplies for COS/MOS systems. 



Fig. 10— Peak-to-peak ripple voltage as a function of 
frequency. 


Battery Standby System 
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Fig. 1 1- Battery standby for COS/MOS systems. 



This system is advantageous in cases where the dc 
supply becomes open or short-circuited. 

With a low battery voltage the COS/MOS system will 
continue to function without interruption. In order to 
drive this system the battery voltage and dc supply 
voltage should relate as follows: 

V battery = v min. + °- 7V ’ (°- 7V * one diode dro P> 
v max. > V DC > v min. + J - 4V 

In the event the supply drops below V m j n , the 
battery will forward bias diode D2 to form a closed- 
circuit and the COS/MOS system will continue to 
function properly through the battery. 

High DC Source 

For applications (especially in aircraft equipment) 
where the supply voltage exceeds the RCA COS/MOS 
maximum rating of the circuit of Fig. 12 can be 

used to reduce the high supply voltage to the normal 
COS/MOS voltage range. This configuration uses a Zener 
diode, a resistor R and a capacitor C. 


The low current demand of the COS/MOS system 
permits an inexpensive but effective Zener diode 
regulator. 

Some of the design considerations aTe as follows: 

1. Selection of Zener Diode and Resistor R 

The amount of current that must be maintained 
through the diode (Id) is a function of the difference 
between the worst-case average current required by the 
COS/MOS systems and the current required by the 
Zener diode for regulation based on its particular 
breakdown characteristics. 

The diode current (Id) and the worst-case average sys- 
tem current (I a vg) determine the value of the resistor 
(R) for a particular Zener regulating voltage. 

2. Selection of Capacitance C 

Before the proper capacitance can be selected the 
following system requirements must be decided upon: 

a. Peak charge requirement. This requirement is a func- 
tion of the peak current and its pulse width. It must 
be measured for the particular system speed and 
load capacitance. 

b. Permissible VjX) minimum: As mentioned in pre- 
vious sections, this minimum voltage will determine 
the maximum operating speed of the COS/MOS 
system. 

The size of the capacitor (C) may then be determined 
from the following formula: 

Q = Ipt (charge = peak current x pulse width) 




COS/MOS 

SYSTEM 

Is — 

HIGH 

VOLTAGE 1 

SUPPLY * 

-o 

i. ' 

;C 


Fig. 12- Circuit for interface of COS/MOS systems to 
high-voltage supply. 


SUMMARY 

This Note shows that RCA COS/MOS devices offer many 
advantages in the area of simplified power-supply require- 
ments. The wide operating voltage range (3 to 1 5 volts or 5 to 
15 volts) from a single supply, low power dissipation, and 
high noise immunity permit system designers to use less ex- 
pensive, unregulated, power supplies. This wide voltage range 
makes COS/MOS logic circuits ideal for battery-operated 
equipment because a better selection of cells is feasible. 
Another advantage is the direct compatibility of COS/MOS 
devices with bipolar devices which eliminates expensive and 
power-consuming interface circuits. (See Ref. 1 .) 

COS/MOS transistors show great potential for use in 
large arrays because of the low power dissipation and 
effective use of chip area. The relatively small area 
consumed by COS/MOS circuits, as well as the elimina- 
tion of area and power-consuming resistors, results in high 
circuit-density per unit-silicon-area. 

The performance features mentioned in this Note, as well 
as the reduced costs inherent in JC technology make COS / 
MOS circuits extremely attractive in many digital systems. 

1. “Interfacing COS/MOS WITH OTHER LOGIC Families”, 

ICAN6602 by A. Havasy and M. Kutzin. 
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Noise Immunity of COS/MOS B-Series Integrated Circuits 

by T. Chesney 
R. Funk 


The excellent noise-immunity 
characteristics of COS/MOS (com- 
plementary-symmetry /metal-oxide- 
semiconductor ) digital IC’s is a 
paramount reason for their preferred and 
successful use in high-noise automotive, 
process-control, production-monitoring, 
arid similar harsh-noise-prone ap- 
plications. The introduction of the RCA 
B-series COS/MOS devices furthers the 
well-known noise immunity advantages of 
the COS/MOS technology in two im- 
portant ways: 

1. Improved noise-energy immunity 
as a result of balanced low- 
impedance output circuitry in all 
RCA B-series COS/MOS devices. 

2. Standardized (EIA-JEDEC 
standards) dc noise-immunity and 
noise-margin ratings covering 
buffered and unbuffered CMOS- 
logic types. 


Included in this Note are brief 
discussions of logic-system noise and 
rejection concepts, COS/MOS dc/ac 
noise-immunity specifications and 
definitions, and dc/ac noise-immunity 
performance data for several B-series 
COS/MOS gates, inverters, and high- 
current drivers. 

Logic-System Noise Concepts 

Successful application of any digital- 
logic IC family requires consideration of 
the following: 

1. Externally or internally generated 
noise — both radiated and con- 
ducted. 

2. The inherent noise-immunity 
capability of the logic family 
selected. 

3. System noise -rejection measures. 

Without coordination of these three 
points, a system design may perform 
unfavorably. 


Consider first the various system or 
environmental noise generating sources. 
External system noise may include the 
noise imposed upon a logic system by 
electric motors, welders, rf transmitters, 
x-ray machines, high-current solenoids or 
relays, pulsed lasers, and circuit breakers. 
All of the preceding emit EMI (elec- 
tromagnetic interference), and many 
produce power-line or ground-path noise 
disturbance. External noise is charac- 
terized by randomly occurring high- 
energy transients that are not easily an- 
ticipated. Usually, this noise is coupled 
electromagnetically or capacitively to 
signal, supply, and ground lines. Internal 
logic-system noise is usually generated on 
logic-signal lines by capacitively coupled 
crosstalk or by logic-switching current 
surges on supply lines or ground lines. In 
ultra-high-speed logic families such as 
ECL, reflection noise resulting from an 
impedance mismatch is also an internal 
noise problem; but because of relatively 
long output transition times of CMOS 
devices (more than 10 nanoseconds), 
reflection noise can be excluded from 
further consideration. 


Since both external and internal noise 
must be considered, logic systems must be 
designed to survive in a medium to severe 
noise environment, a fact that leads to the 
second consideration, selection of an IC 
logic family having noise-rejection 
characteristics appropriate to the appli- 
cation. As is demonstrated below by 
considerable data, B-series COS/MOS 
devices have good dc and ac and noise- 
energy immunity characteristics. No 
matter how good the noise-rejection 
capability of a logic IC family, such as 
COS/MOS, system design measures to 
reduce noise entry into logic signal lines, 
power supply lines, and the ground are 
usually necessary to seme extent. The 
methods most commonly used to minimize 
noise effects in COS/MOS logic systems 
are: 


1. Power-source line decoupling - 
Good practice suggests use of a 
small-value series resistor and 


zener diode and a capacitor to 
ground on each logic card or each 
50 to 100 IC’s. High-voltage supply 
transients can usually be rejected 
by this simple measure. Separate 
lines should be used for logic 
circuits and power switching 
circuits. 

2. Ground-Line Noise - In a system 
in which many high-current 
switching components, such as 
motors, relays, and SCR’s are 
involved, logic grounds should be 
separated from high energy 
component grounds. The logic 
grounds should be returned to a 
common point. 

3. AC noise on system signal inputs 
- 60 Hz is a commonly used 
frequency reference. Raw ac power 
lines should be isolated using a 
transformer or optical coupler. 
Zener-diode limiters are also ef- 
fective. 60-Hz signals can be 
shaped by using COS/MOS Sch- 
mitt- trigger circuits. 


NOISE SPECIFICATIONS 

COS/MOS noise immunity is 
characterized by dc specifications, ac 
noise -immunity performance, and noise- 
energy immunity performance. Each of 
these characteristics is defined below and 
supported by performance data. 

DC Specifications 

Table I shows the industry standardized 
(JEDEC) noise immunity and noise 
margin ratings, Vjl and Vjjj, for B- 
series • devices. Note that separate 
specifications have been established for B 
(buffered) types and UB (unbuffered) 
types. 1 

Two important noise characteristics can 
be defined by using the Vjl and Vjjj 
ratings: 

1. Noise Immunity - The Vjl and 


667 



ICAN-6587 


Vih limits are the device input- 
signal noise-immunity ratings 
which, as defined in Table II, are 
30, 30, and 27 percent, respec- 
tively, of the 5, 10, and 15-volt 
supply voltages for the B-series 
types. Percentages are lower for 
unbuffered gates, as shown in 
Table II. The Vjl and Vjjj 
ratings define the maximum 
permissible additive noise voltages 
at an input terminal when input 
signals are 50 millivolts off the 
supply rails. 

2. Noise Margin - The difference 
between Vjl and Vq or Vjjj and 
Vq is the device noise-margin 
voltage for the noninverting case. 
Table II designates the B and UB 
noise-margin voltages. Noise 
margin voltage is defined a3 that 
noise voltage that can be impressed 
upon Vj]vj at any (or all) logic I/O 
terminals without upsetting the 
logic or causing any output to 
exceed the V q ratings of Table I. 


Of the two COS/MOS dc noise 
definitions, immunity and margin, RCA 
prefers the noise-immunity specification 
as the more practical COS/MOS system 
definition because CMOS outputs are 
normally 50 millivolts off the rails. 

However, designers familiar with TTL 
may prefer to use the noise-margin voltage 
for system analysis. 

AC Noise Immunity 

COS/MOS ac noise immunity takes 
into account both the device switching 
threshold (dc noise immunity) and the 
noise-pulse width. The latter is affected 
primarily by the COS/MOS IC band- 
width, especially output transition times. 
Fig. 1 shows the usual COS/MOS noise- 
voltage amplitude, V t , as a function of 
noise-pulse-width characteristic, tp. 

Because noise pulses are narrow compared 
with device output transition time, noise- 
voltage rejection is high. As the pulse 


Table I — B-Series DC Noise Immunity and 
Noise Margin (T>\ = 25 °C) 


Characteristics 

Test Conditions 

Input 


vo 

Vdd 

Voltage 


(V) 

(V) 

(V) 

Input Low Voltage 
V|i_ max. 




B types 

0.5/4. 5 

5 

1.5 


1/9 

10 

3 


1.5/13.5 

15 

4 

UB types 

0.5/4. 5 

5 

1 


1/9 

10 

2 


1.5/13.5 

15 

2.5 

Input High Voltage 




V|H min. 




B types 

0.5/4. 5 

5 

3.5 


1/9 

10 

7 


1.5/13.5 

15 

11 

UB types 

0.5/4. 5 

5 

4 


1/9 

10 

8 


1.5/13.5 

15 

12.5 


Table II — B-Series Noise Immunity and Noise Margin 



Noise Immunity (%) 

Noise-Margin Voltage (V) | 

Vdd 

B-Series 

UB-Series 

B-Series 

UB-Series 

5 

30 

20 

1 

0.5 

10 

30 

20 

2 

1 

15 

27 

17 

2.5 

1 


widths approach the IC bandwidth, the 
curve flattens out at the device switching- 
threshold voltage. AC noise -voltage 



Fig. I Generic ac noise-immunity 
curve. 


immunity curves, such as those in Fig. 1 , 
are applicable to: 

- Positive noise pulses on signal lines 
in the 0 state. 

- Negative noise pulses on signal lines 
in the 1 state. 

- Positive noise pulses on the ground 
terminal. 

- Negative noise pulses on the positive 
supply terminal. 

Curves of this type indicate the frequency 
(as defined by noise-pulse characteristics) 
at which the user has satisfactory dc noise 
performance. The curves are especially 
useful in calculating typical noise-energy 
performance, a parameter that takes into 
account the circuit impedance. 


Noise-Energy Immunity 

Noise-energy immunity takes into 
account the pulse width and the circuit 
impedance at the point where the noise is 
introduced. Noise-energy immunity, E , 
in nanojoules, is calculated as follows: 



where E]\t is noise-energy immunity in 
nanojoules, is the device switching- 
voltage threshold for a given noise-pulse 
width, tp is the noise- voltage pulse width 
in nanoseconds, and Rq is the impedance 
to ground in ohms at the point of noise 
entry. Rq is usually the output resistance 
of the COS/MOS device. 

By using values of V and tp obtained 
from the curve of Fig. 1, the noise-energy 
immunity curve of Fig. 2 is generated for a 
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given value of Rq. A comparison of Figs. 
1 and 2 shows that the minimum values of 
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Fig. 2 Generic noise-energy- 
immunity curve. 

noise-energy immunity occur at an input- 
noise pulse width for which the noise- 
voltage amplitude of Fig. 1 begins to 
approach the dc noise-immunity or 
threshold voltage of a device. The 
minimum noise-energy immunity is the 
basis for the calculations and comparisons 
involving most IC families. 


NOISE-IMMUNITY TEST DATA 
DC Noise-Immunity Test Data 

CMOS dc noise -immunity performance 
is obtained by plotting the voltage-transfer 
characteristic of a CMOS gate, inverter, 
or buffer. Figs. 3 and 4 show the voltage- 
transfer characteristics of the CD4001B, a 



Fig. 3 CD4001B voltage transfer 

characteristic. 


buffered, quad 2-input NOR gate, and the 
CD4001UB, an unbuffered version of the 
same gate. Comparison of Figs. 3 and 4 
and Table I indicates that the values of 
Vjl and Vjjj for these devices are well 



Fig. 4 CD4001UB voltage transfer 
characteristic. 


within the standard JEDEC 
specifications. The Vjl and Vjjj values 
for any typical COS/MOS device indicate 
a typical dc noise immunity close to 50 
percent of the supply voltage, a 
paramount advantage of CMOS logic 
devices over TTL, ECL, PMOS, and 
NMOS logic devices. 


AC Noise-Immunity Test Data 

Fig. 5 shows the test circuit used in the 
evaluation of the ac noise immunity of B- 
series COS/MOS devices. The criterion 
used is the triggering of a typical 
CD4013B flip-flop at the clock input. The 



Fig. 5 Test circuit used in the 
evaluation of B-series COS/MOS devices. 


circuit of Fig. 5 accounts for typical 
CMOS loading factors and generally 
reflects the ac noise performance of typical 
B-series devices. The device types used in 
the evaluation include the following: 

CD4001UB unbuffered quad 2- 
input NOR gate, 

CD4001B buffered quad 2-input 
2-input NOR gate, 
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CD4011UB unbuffered quad 2- 
inputNAND gate, 

CD4069UB hex inverter, 
CD4049UB hex inverting buffer. 

The above list includes the most 
commonly used COS/MOS gates, in- 
verters, and buffered devices. The ac 
noise-immunity characteristics of the 
buffered NOR gate (CD4001B) reflect the 
noise -immunity performance of buffered 
CMOS products of all descriptions. 


SIGNAL-LINE OR EXTERNAL 
NOISE IMMUNITY 

The following analysis was used to 
determine the immunity of a COS/MOS 
gate to noise on the input line at both the 0 
(low-level) and 1 (high-level) logic states. 


0-State Analysis 

The signal-line noise immunity of 
COS/MOS gates and inverters was 
evaluated by means of the test circuit 
shown in Fig. 6. The COS/MOS units 



Fig. 6 Test circuit used to evaluate 
signal-line noise immunity of COS/MOS 
gates and inverters. 


tested were the CD4001UB, CD4001B, 
CD40L1UB, CD4049UB, and 
CD4069UB. Fig. 7 shows the results 
obtained. The test circuit is designed to 
measure the voltage required at the input 
of the unit under test to trigger a CD4013 
flip-flop. 


During test, a positive-going noise pulse 
is introduced into the signal line of the unit 
under test. At some voltage level, 
depending on the width of the pulse and 
the gate thresholds, this pulse causes the 
flip-flop to be clocked via the CD4001B 
gate. This voltage level defines the per- 
missible input range for a logical 0. 


669 







ICAN-6587 



0 100 200 300 400 SOO 

PULSE WIDTH — ni 92 Cm-29540 


(a) CD4001B, CD4001UB 



0 100 200 300 400 300 


PULSE WIDTH -m 

(b) CD4011UB 



(c) CD4049UB, CD4069UB 


T A = 25° 

Fig. 7 Results of O-state signal-line 
noise-immunity tests. 

A dc analysis of the transfer charac- 
teristics of the components included in the 
test setup can also be used to determine 
the noise level required to clock the flip 
flop. Fig. 8(a) shows that a signal of 4.15 
volts is required at the input to the 
CD4001B gate to produce an output of 4.5 
volts at a supply voltage, Vj)£), of 10 
volts. Fig. 8(b) shows that an input of 5.25 
volts is required to trigger the CD4013 
flip-flop at a supply voltage, of 10 

volts. All measured values shown in Fig. 8 
were obtained from measurements on 
gates that have typical threshold- 
switching characteristics. 



0 5 10 15 

INPUT VOLTAGE (Vj N ) — VOLTS 


92CS- 29335 

(a) CD4001B 



0 5 10 15 

INPUT VOLTAGE (V )N ) - VOLTS 


92CS-29334 

(b) CD4013B 



0 5 10 15 

INPUT VOLTAGE (V, N )- VOLTS 


92CS- 29372 

(c) CD4049UB = 25°C. 

Fig. 8 Transfer characteristics of 
components used in the circuit of Fig. 6. 


Careful analysis of the ac noise curves of 
Fig. 7(c) (for the CD4049UB) for 0-state 
signal-line noise shows a voltage-pedestal 
effect occurring at noise pulse widths 
associated with the noise-threshold region 
of the units under test. A comparison of 
the voltage -transfer curves of Fig. 8(c) 
with the dynamic input capacitance curves 
for the CD4049UB, Fig. 9, reveals that 
this pedestal effect occurs in the same 
region as the peak Miller input 
capacitance, where the inverter is in its 
maximum linear-gain region. Most 0- and 
1 -state noise -voltage characteristics curves 
in this Note exhibit this pedestal effect to 
some degree. 



INPUT VOLTAGE (V IN )-V 

92CS-29333 

Fig. 9 Dynamic input capacitance 
curves for the CD4049UB. = 25°C. 


1-STATE ANALYSIS 

Fig. 10 shows the test arrangement used 
and Fig. 11 the results obtained from 
noise-immunity measurements on the 
COS/MOS logic gates and inverters 
identified above when the input is high 
and a negative-going pulse is superim- 
posed on the signal line. 



Fig. 10 Test circuit used to measure 
noise immunity of COS/MOS logic gates 
and inverters when the input is high and a 
negative-going pulse is superimposed on 
the signal line. 
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(a) CD4001B, CD4001UB 



(b) CD4011UB 



(c) CD4049UB, CD4069UB 

T A = 25° C. 

Fig. 11 Results of 1-state signal-line 
noise-immunity test. 

POWER-SUPPLY NOISE IMMUNITY 

The test configuration shown in Fig. 12 
measures the ability of test units to 
withstand a negative-going noise pulse 
superimposed on the supply line without a 
change in state; Fig. 13 shows results of 
tests. A pulse of sufficient amplitude 
causes the output of the gate to decrease so 
that, at some point, the CD4013B flip-flop 
is triggered from the rising voltage at the 
output of the driving inverter stage. 

It should be noted that two power 
supplies are used in the arrangement of 
Fig. 12. An equivalent resistor or inductor 



Fig. 12 Test circuit used to measure 
the ability of test units to withstand a 
negative-going noise pulse on the supply 
line without a change in state. 



(a) CD4001 B, CD4001UB 



for simulating contact resistance and lead 
length is used in the Vj)j) line of the unit 
under test. Without this resistance the test 
unit will not react to the noise pulse. 


GROUND-NOISE IMMUNITY 

Noise on the power line may be ef- 
fectively reduced or eliminated by the use 
of decoupling capacitors; however, 
ground-line noise cannot be reduced so 
easily and, therefore, is more ob- 
jectionable. Fig. 14 shows the test circuit 
used to measure the ground-line noise 
immunity of COS/MOS gates and in- 
verters; Fig. 15 shows curves of the results 
obtained. Again, the units under test 
would not react to the noise unless a 25- 
ohm resistor or small inductor simulating 
lead length or contact resistance were 
placed to ground. 



Fig. 14 Circuit used to measure 
ground-line noise immunity. 


CROSSTALK NOISE IMMUNITY 


(b) CD4011UB 



(c) CD4049UB, CD4069UB 

T a = 25°C. 

Fig. 13 Power-line noise immunity. 


A test circuit used to evaluate crosstalk 
is shown in Fig. 16. A noise pulse from a 
pulse generator is coupled to the signal 
line of the gate or inverter through a 
capacitor. The noise voltage necessary to 
trigger the flip-flop is then measured for 
different values of capacitance under high 
and low input conditions. Fig. 17 shows 
the effect of capacitance on the inputs of 
the units under test. 

The circuit shown in Fig. 18 more 
closely approximates crosstalk caused by 
adjacent signal lines. The response of the 
test circuit to a noise pulse may be ex- 
plained by analysis of the response of a 
high-pass RC circuit to a ramp input of Vj 
= at, where a is the coefficient of 
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(a) CD4001B, CD4001UB 





(b) CD4011UB 



(c) CD4049UB, CD4069UB 

Fig. 15 Ground-line noise-immunity 
measurements . 



Fig. 16 Circuit for measuring noise 
voltage as a function of coupling 
capacitance. 








Fig. 17 Effect of coupling capacitance on the inputs 
of the units under test (T^ = 25°C). 
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coupling and t is rise time, 10 to 90 per- 
cent. The output voltage Vq may be 
expressed by the following equation: 

Vq = uRC ( 1 -e t/RCj (1) 

The equivalent circuit for the part of the 
test configuration used in this analysis is 
shown in Fig. 19. On the basis of this 
equivalent circuit, Eq. (1) may be 
rewritten as follows: 

V Q max a a (Zq II Z, N C [(1-et/2z 0 ||Z in ) C] 


If Vj is assumed to be oc t during the 
period in which the output voltage 
switches from 10 to 90 percent of its total 
value, this change in output voltage can be 
expressed as follows: 


Vi (Z 0 II z in ) c 

^0 max * t 

• [i-e -t/2 Zq || Zjn ) C] (3) 


The results of this analysis may be applied 
to the various crosstalk waveforms ob- 
tained. 



Fig. 18 Circuit closely approximating 
conditions for crosstalk on adjacent signal 
lines. 


GATE < 
UNDER $ 
TEST 1 


< GATE 
COEF- >UNDER 
' iNT | TEST 


Fig. 19 Equivalent circuit used in 
crosstalk analysis of test configuration 
shown in Fig. 18. 


Crosstalk measurements that simulate 
actual operation are made by use of the 
test circuits shown in Figs. 20 and 21. The 


circuit of Fig. 20 simulates a round-cable 
system and Fig. 21 a ribbon-cable system. 

In Fig. 20, a sense line is placed tightly 
within five surrounding wires (No. 22 
gauge) to form a 6-foot-long cable with a 
capacitance of 18 picofarads per foot 
(determined by measurement). 



ALL WIRES ONE WIRE 
94.7 pF/60 in. 56. 1 pF/60 in 
18.9 pF/U. ll.2pF/ft. 92CS-2936J 


Fig. 20 Circuit simulating a round- 
cable system. 


In Fig. 21, a sense line is placed bet- 
ween two adjacent driving lines (No. 22 
gauge) of a 6-foot-long ribbon cable with a 
capacitance of 16 picofarads per foot 
(determined by measurement). 


CD40I36 



Fig. 21 Circuit simulating a ribbon- 
cable system. 


The results of crosstalk are shown in the 
photographs of Figs. 22 and 23 for round 
cable and ribbon cable, respectively. The 
crosstalk was insufficient to trigger the 
CD4013B under all conditions of the 
circuits of Figs. 20 and 21 . 




Fig. 22 Crosstalk in the round-cable 
system. 

NOISE-ENERGY-IMMUNITY 
PERFORMANCE DATA 

Table III shows computed values of 
noise-energy immunity for the gate, in- 
verter, and buffer types identified above. 
Noise pulse width, tp, and noise threshold 
voltage, Vq 1 , data were obtained directly 
from the 1 and 0 signal-input ac noise- 
immunity test curves presented earlier in 
this Note, Figs. 7 and 11. Values of R 0 are 
typical output impedances for the 
CD4001B driving gate used in obtaining 
the curves. Fig. 24 is a plot of high- and 
low-input state noise-energy immunity for 
the CD4001B gate as a function of input 
pulse width. These curves show that noise- 
energy immunity is high for noise band- 
widths that exceed the speed capability of 
the device, and a minimum of ap- 
proximately 1.3 nanojoules where the 
noise-pulse width (50 to 100 nanoseconds) 
approximates the device output transition 
time. Noise-threshold energy increases 
steadily with greater pulse widths. 
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Table III — Typical Values of Noise-Energy Immunity. 


SUPPLY 

VOLTAGE 

NOISE 

PULSE WIDTH 

NOISE 

THRESHOLD 

TYPICAL 
SIGNAL LINE 

1 R/IDCnA MOC 

TYPICAL 

NOISE-ENERGY 

IMMUNITY* 

Vpo (V) 

t„ 

(ns) 

V VJI_ 1 

v t 

1 MVJC 

(V) 

IMrfcDAlMUc 

Rn (ohms) 

LOGIC STATE 


P 






LOW 

HIGH 


LOW 

HIGH 

LOW 

HIGH 

Rol 

Roh 

ENL< nJ ) 

E N H<nJ) 

5 

100 

100 

2.75 

2.65 

700 

700 

1.08 

1.00 

10 

60 

40 

6.3 

5.1 

270 

270 

8.82 

3.85 

15 

40 

40 

9.0 

7.0 

190 

190 

17.05 

10.32 

5 

160 

150 

2.58 

2.85 

700 

700 

1.52 

1.74 

10 

80 

40 

6.2 

5.6 

270 

270 

11.40 

4.65 

15 

40 

40 . 

9.6 

7.8 

190 

190 

19.40 

12.81 

5 

100 

140 

3.0 

2.67 

700 

700 

1.29 

1.43 

10 

40 

- - - 

80 

5.0 

5.45 

270 

270 

3.70 

8.80 

15 

60 

40 

6.9 

9.1 

190 

190 

15.03 

17.43 

5 

60 

120 

2.0 

2.9 

700 

700 

0.343 

1.44 

10 

40 

40 

3.7 

6.7 

270 

270 

2.03 

6.65 

15 

60 

40 

4.9 

10.4 

190 

190 

7.58 

22.77 

5 

150 

150 

2.75 

2.60 

700 

700 

1.62 

1.45 

10 

60 

60 

6.4 

5.2 

270 

270 

9.10 

6.01 

15 

40 

60 

8.7 

8.0 

190 

190 

15.94 

20.21 
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Fig. 23 Crosstalk 
CONCLUSIONS 

The noise-immunity test data 
demonstrates the high noise immunity of 
COS/MOS digital integrated circuits. 
Typical ac noise-voltage immunity for an 
unbuffered gate is 2 volts for a 5-volt 
supply, 5 volts for a 10-volt supply, and 7 
volts for a 15-volt supply. As expected, the 


in the ribbon-cable system, 
low-level ac noise-immunity for the 
CD4049UB buffer is slightly lower 
because of the lower effective input 
threshold of the large NMOS transistor 
used. 

Of paramount interest is the good noise - 
energy performance of approximately 1.3 
nanojoules for B-series gates, which is 



PULSE WIDTH (Ip) — ns 



Fig. 24 High- and low-input state 
noise-energy immunity for the CD4001B 
gate as a function of input pulse width. 
T a = 25°C. 

comparable to the performance of bipolar 
TTL gates at 5 volts despite their much 
higher output drive current. At operation 
above 5 volts, the noise-energy immunity 
of COS/MOS devices ranges up to 20 
nanojoules at 15 volts, far exceeding the 
noise-energy immunity of TTL. This 
improved noise immunity makes CMOS 
logic devices far more economical to use in 
high -noise automotive and industrial 
control environments than TTL devices. 
This noise-rejection capability exceeds 
even that of bipolar high-threshold logic, 
which has only approximately 5 
nanojoules of noise -energy rejection in the 
high logic-input state. 


The good inherent noise immunity 
provided by COS/MOS devices leads to 
design economy, and complements the 
accompanying benefits of COS/MOS: 
low-cost, medium- to high-speed 
operation, wide operating voltage range, 
good temperature stability, wide selection 
of SSI, MSI, and LSI device types, etc. 
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Interfacing Analog and Digital 
Displays with CMOS Integrated Circuits 

by J. E. Gillberg 


Many forms of displays are available for 
interfacing digital and analog information 
from electronic circuits with the individual 
end user. The display choice generally 
takes into consideration not only technical 
feasibility but also visual impact and often 
aesthetic appeal. Until recently, the 
analog display, primarily motors (both 
synchronous and stepper) with gears, 
hands, or drums, has been the most widely 
used. At present, however, new 
developments are making the digital 
display the more dominant method. 

This Note describes some of the 
COS/MOS integrated circuits most 
suitable for interfacing the electronic 
circuit and the display. In the case of 
digital displays, it describes basic display 
operation to help simplify the equipment 
designer s task in selecting both the most 
appropriate display and the most suitable 
interfacing device. 

Analog Display Drivers 

Analog displays are usually driven from 
either a synchronous motor or a stepper 
motor. The synchronous motor receives an 
incoming signal at a frequency of ap- 
proximately 60 Hz and continuously 


rotates at that frequency. The stepper 
motor receives an incoming signal at about 
0.5 to 2 Hz and rotates only during the 
active pulse interval. The stepper motor 
gives the effect of a non-continuous 
movement of the motor or wheel. 

One of the major users of digital circuits 
with analog displays is the timekeeping 
market. This market has continued to use 
analog displays because of the many basic 
advantages of the familiar clock or watch 
face with moving hands. These ad- 
vantages include low cost, high reliability, 
simplified electronics, familiarity of 
display mode, and low current drain. 

A number of IC’s are available for 
interfacing the electronic clock circuitry 
and the analog display. An excellent 
example is the CD4045, a COS/MOS 21- 
Stage Counter. As shown in Fig. 1, this 
device can be used in timing applications 
not only to generate the crystal oscillator 
output, but also, because of its output 
current capability, to directly drive a 
stepper motor. Fig. 2 gives curves 
illustrating the current capabilities of the 
CD4045. 

One method of reducing the current 
drain of a stepper motor is to terminate the 



used to generate crystal oscillator output and to 
drive stepper motor. 



O 2 4 6 0 10 12 14 


DRAIN-TO-SOURCE VOLTAGE (V DS 1-V 

92CS-20896R1 



Fig. 2 - Typical output n-channel and p- 
channel drain characteristics of the CD4045. 


incoming pulse at the precise moment the 
armature achieves enough momentum to 
rotate to the next position without any 
additional current. The Low-Voltage 
COS/MOS Analog Timepiece Circuit 
CD22010E has the capability of detecting, 
as shown in Fig. 3, when no additional 
current is required by the motor. It 
operates as follows. At the beginning of 
the output pulse because the load is in- 
ductive no current will immediately flow 
(V = L di/dt) and the voltage at the 
output will be at ground, as shown in Fig. 
4 at t Q . After time, the current will begin 
to flow into the pull-down n-channel 
transistor of the CD22010E. This current 



92CS- 29918 


Fig. 3 - CD22010E, a low-voltage COS/MOS 
analog timepiece circuit, used to detect status 
of stepper motor current. 



92CS- 29922 

Fig. 4 - Nominal output pulse of stepper 
motor. 

flow raises the output voltage until the 
motor begins to rotate and cause a back 
electro-motive force thereby reducing the 
voltage at the output. Once the motor has 
achieved enough momentum to move on 
its own inertia, however, any added 
current again raises the output voltage. 
The time interval from t Q to t 3 in Fig. 4 is 
the nominal output pulse. Time tj in- 
dicates the end of an internal activation 
period after which any rising edge on the 
output will trigger internal circuitry to 
terminate the pulse width, thus saving 
battery current. 

The battery-operated wall clock is one 
of the major areas for analog displays 
primarily because of the low- voltage (1.5 
to 3.0 V typical) and low-current (60 A 
typical) operation. A number of display 
interface circuits are available for this 
application. The most suitable depends 
upon the type motor and the voltage being 
used. Several of these circuits are 
illustrated in Fig. 5. In Fig. 5(c), the 
capacitor Cj) increases the maximum 
pulse or spike current supplied to the 


675 





ICAN-6595 


< MOTOR STANDARD BRIDGE CIRCUIT 


Fig. 5 - Typical motor interface circuits for 
analog watch or wall clock circuits. 
motor. The value of this added capacitor 
is typically between 1 and 10 microfarads 
and is dependent upon the frequency of 
operation. 

Many integrated circuits are available 
from RCA that can be used to interface an 
analog high-current-drive display. Table I 
lists several of these devices. For technical 
data on these devices see the RCA IN- 
TEGRATED CIRCUITS DATABOOK 
SSD-250 or the technical data sheet for the 
specific device. 

Digital Display Systems 


Liquid Crystal Displays 

The most important advantage of the 
liquid crystal display is its very low power 
consumption, typically 50 microwatts per 
character. The reason for this low power 
consumption is that the liquid crystal 
display does not generate or emit light, but 
controls reflected or transmitted light 
generated elsewhere. 

The liquid crystal display device 
consists of a layer of liquid crystal material 
sealed between two conductive-coated 
glass plates. The liquid crystals are fluids 
having molecule alignment characteristics 
very similar to those of solid crystals. The 
alignment of the molecules can be changed 
by the application of an ac signal. This 
change in alignment can produce image 


patterns determined by the physical 
construction of the device. Electrical 
contact is made to the liquid crystal by 
means of a transparent conductor. 
Because the image pattern depends upon 
molecular alignment, the direction which 
light strikes the liquid crystal is very 
critical. As a result, light polarizers are 
attached to the front and back to control 
whether the display is dark on a light 
background or light on a dark 
background. Fig. 6 shows the sandwich- 
type construction and the arrows illustrate 
the molecular polarization of a liquid 
crystal material resulting from an ac field. 

There are two basic types of LCD’s: 
dynamic scattering devices and field-effect 
devices. When an ac field is applied to a 
dynamic scattering liquid crystal, the 


''TRANSPARENT 
. ELECTRODE 
ON GLASS ^ 


With the development of MSI and LSI, 7 / 

digital displays emerged as an important 

method of information transfer and many no field applied 

new display systems appeared. The most 

popular or promising types of digital Fig. 6 - Basic c 

displays are listed in Table II along with a liquid crystal 

brief summary of their major advantages alignment and major elements. 

and disadvantages. In the following 
material each display system is discussed 
with ^he emphasis on adaptability to 
interfacing electronic circuitry. 

Table I — Analog-Display Driver and Counter COS/MOS Integrated Circuits 



Basic operation of field-effect type 
crystal device showing molecule 


Type 

Family 
Dev. No. 

Package 

Volts 

Freq. 

Description 

Clocks 

CD22010E 

TA6656 

8-DIP 

1.5 

32 kHz 

Portescap stepping-motor drive, 
with pulse-width control (1 Hz) 

CD22011E 

TA10294 

8-DIP 

1.5 

4 MHz 

SOS stepping-motor drive 
(2 Hz push-pull) 

Auto Clocks 
CD22012E 

TA6489 

14-DIP 

12 

4 MHz 

Quartz analog auto clock 
(0.5 Hz push-pull) 

CD22013E 

TA10176 

8-DIP 

12 

3 MHz 

Quartz analog auto clock 
(64 Hz push-pull) 

CD22014E 

TA6817 

8-DIP 

12 

4 MHz 

Quartz analog clock (60 Hz) 

CD22015E 

TA10177 

8-DIP 

12 

2 MHz 

Quartz analog auto clock 
(30 Hz push-pull) 

Industrial Timers 





CD22017E 


16-DIP 

10 


Universal industrial timer 


Type 

Liquid Crystal 
Light-emitting diode 
Gas discharge 
Fluorescent 
Incandescent 


Table II - Digital Display Technologies 
Advantage 

Low power, low voltage AC sigr 

Low cost, simple interface High ci 

Easily read High vc 


Disadvantage 

AC signal - difficult to multiplex 
High current, visibility 
High voltage 


Low segment current, low cost High filament current/fragile 


Brightness, low cost 


High current 


molecules which are normally aligned, 
and hence transparent, are rearranged to 
scatter any available light, and the display 
becomes opaque. The field-effect type 
displays a visual change when the 
molecule alignment is rotated from one 
plane to another, as illustrated in Fig. 6. 
The field-effect liquid-crystal device has 
become the more popular display. 

Two kinds of liquid -crystal devices are 
available in either the dynamic-scattering 
or field-effect cateogry: reflective and 
transmissive. The only difference is that 
for the former, reflective material is added 
to the back of the display to reflect the 
light entering the front. This type is well- 
suited for applications where substantial 
ambient light is available. In applications 
where the ambient light is small, the 
transmissive display could be used with 
some form of back lighting. 

Liquid-crystal devices require an ac 
drive signal having no dc component. A dc 
component can cause an electrolysis 
plating action which can eventually 
damage the display. For field-effect 
displays, this drive signal may be from 2 to 
10 volts at 60 to 10,000 hertz; for dynamic- 
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scattering devices, the signal may be from 
7 to 30 volts at 20 to 400 hertz. 

When a liquid-crystal segment is ac- 
tivated by a drive signal, the phase 
relation between it and the transparent 
electrode applied to the glass backplane is 
180° and a visual display results. When no 
drive signal is applied to the segment, the 
backplane and segment are in phase and 
the visual display is off. 

The usual method of activating a 
segment is to apply a square wave which is 
out of phase with the square wave applied 
to the common backplane. As shown in 
Fig. 7, when the segment square wave is in 
phase with the back-plane square wave, 
the segment is not activated. By the use of 
a square wave for both the common 
(backplane) and the selected segment 
drive signal, the effective dc voltage across 
the display is always zero regardless of 
whether the display is activated or not. 

Liquid crystals offer the important 
advantages of requiring very little power 
and low voltage. Their disadvantages are: 

1. Because they need an ac signal for 
operation, multiplexing is difficult. 

2. They need good ambient light or 
back lighting. 

3. They have a limited operating 
temperature range: -20 to 60 or 
85°C. 

4. Their cost in relation to other 
displays is high. 

5. Their response time is slow: 100 to 
300 milliseconds. 

RCA offers several display drivers for 
liquid crystal devices: the CD4054, a 4- 
segment display driver; the CD4055, a 
BCD-to-7-segment decoder/driver with 
“display frequency” output; and the 
CD4056, a BCD-to-7-segment 
decoder/driver with strobed-latch func- 
tion. These devices have level-shifting 
capability for interfacing low-voltage logic 
signals to higher- voltage display signals. 
In addition, a full line of direct drive LCD 
watch chips is available. 

SELECT I I I 


Light-Emitting Diodes 

The light-emitting diode (LED) has also 
received wide acceptance as a digital 
display in the last several years because of 
its low-voltage operation, long life, ease of 
multiplexing, high reliability, and fast 
response time. An LED is a semicon- 
ductor diode composed of a p-n junction. 
In forward-biased operation, because of 
recombination of holes and electrons, the 
diodes radiate a colored light in a narrow 
spectrum. LED displays are normally 
constructed of either gallium phosphide 
(GaP) or gallium arsenide phosphide 
(GaAsP) semiconductor material. Both 
types of LED displays have approximately 
equal advantages and disadvantages. The 
GaAsP type, however, is more prevalent 
for red displays. The forward drop is 
approximately 1.6 volts for GaAsP diodes 
and 2.1 volts for GaP diodes. Two con- 
figurations of LED are available: common 
anode (requiring sink current) and 
common cathode (requiring source 
current). Fig. 8 illustrates both types of 
device. 

Any single LED segment is electrically 
the same as any conventional solid-state 
diode although the LED does have a 
slightly higher forward voltage drop . Once 
the forward voltage reaches approximately 
1.6 volts, the current which up to that 
point has been very small increases 
rapidly. A typical GaAsP LED needs 
approximately 5 to 30 milliamperes for a 
reasonable amount of brightness. If 
current continues to increase, the LED 
will reach a light saturation mode at 
approximately 100 to 150 milliamperes. At 
this point any increase in current will not 
increase the amount of light generated. 
Because the efficiency is greater for higher 
currents and the electrical and light output 
rise times are in nanoseconds, LED’s are 
well suited for multiplexed or pulsed 
output drive. Pulsed output drive can also 
decrease the total amount of power 
required to achieve a given brightness by 
as much as 30 per cent. 

I I V DD 

I 1 V SS 


As an example, consider the design of a 
four-digit multiplexed LED display 
system to interface with a four-digit in- 
formation storage device. The LED needs 
an average of 6 milliamperes of current to 
achieve the desired brightness. Because 
there are four digits, the multiplexed 
signal requires a 25 per cent duty cycle. 
The peak current, therefore, must be 4 x 6 
milliamperes to achieve the 6-milliampere 
average current. The CD4511 BCD-to- 
seven-segment latch decoder driver is 
designed with emitter-follower n-p-n 
bipolar outputs and is therefore able to 
supply the needed peak current of 24 
milliamperes. The digit driver must be 
able to sink a peak current of 7 x 24 or 168 
milliamperes when all segments are turned 
on. Many available discrete or integrated 
bipolar devices can meet this requirement. 
Fig. 9 illustrates a suitable circuit. This 
circuit uses a CD4511, a BCD-to-7- 
segment latch decoder driver; CD4052 s, 
differential four-channel multiplexers; 
CD4094’s, eight-stage shift-and-store bus 
registers; and CD4011 NAND gates. 

The multiplexing digit signal, which 
can also be used to clock a counter to 
control the CD4052, can be derived by use 
of a CD4017 as shown in Fig. 10. The 
CD4017 is a counter /divider having ten 
decoded outputs. The number of digits 
multiplexed can be increased beyond four 
by taking the digit drive from a higher 
output on the CD4017. The output should 
be N + 1 where N equals the number of 
digits to be multiplexed. The CD4017 
must be interfaced to a bipolar driver to be 
able to sink or source the current needed 
by each digit (168 milliamperes). 

Fig. 11 shows a typical digit driving 
circuit. The calculation of the value of 
resistor Rj can be made as follows: 

Let (3 — the gain of the transistor 

then (31, = 168 mA 

orlj = 168//? mA 

Once Vj)j) is established, a given Vj)s 
can be taken from Fig. lib for current Ij. 

Therefore, Rj = (Vj)s - 0.7)/Ii 
kilohms 


BACK PLANE JTjH-nJ"lJTJTJTJTJlJTJTJ vss 


5ol f t e a1e t,4l RPnJlTlj- — L-TT-T 

92CS- 29917 

Fig. 7 - Timing diagram of liquid crystal 
element voltages showing how segments are 
activated by square waves to avoid damaging 
effects of a dc component. 



Fig. 8 - Common cathode and common anode 
light-emitting diode configurations. 


677 



I CAN -6595 


CD40II 



SEVEN-SEGMENT 

OUTPUT 92CS- 29915 


Fig. 9 - Interfacing of four-digit multiplexed 
LED display system with a four-digit in- 
formation storage device. 


CLOCK FOR INFORMATION 



clock JTJTJTJTJTJXnJ” 


Fig. 10 - Use of CD401 7, a counter/ divider 
having ten decoded outputs , to provide the 
multiplexing digit signal. 

optical filter in front of the LED. This 
filter increases the contrast ratio of the 
LED display and makes it easier to read in 
any ambient light. 




Fig. 11 - Typical digit driving circuit and 


minimum output n-chan'nel drain charac- 


teristic used for calculating value of resistor 


Rl. 


Fig. 12 shows the segment and digit 
drive. Resistor Ro is necessary to avoid 
current “hogging’ in the LED segments. 
The value of R 2 is calculated from the 
curves in Fig. 13 showing output current 
as a function of output voltage for the 
CD4511B and from the information 
supplied with the LED. 

Let I§ = peak current in segment 


Vqut = voltage out of the CD4511B 
from Fig. 13 at the Vj)£) being 
used in the system 

Vj) = voltage across LED segment for 
required brightness 

Vq£ = voltage across digit driver 
transistor 



In this example 

„ v DD-< v OUT+ v D+ v CE> 

R2 ~ ; 

kilohms 


If the value chosen for R 2 is too low, 
uneven segment lighting can occur. 
Resistor R 2 , therefore, should be as large 
as possible. 

One major drawback to the use of LED 
displays is that the contrast ratio of the 
display is very low in bright light. The 
easiest means of correction is to place an 


v DD 
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Fig. 12 - Segment and digit drive circuit for 
LED. 



SUPPLY VOLTAGE -OUTPUT DRIVE VOLTAGE (Voo-VOH)-V 
92CS- 27081 

Fig. 13 - Typical voltage drop IV[)[) to output ) 
vs. output source current as a function of 
supply for the CD4511. 

Gas-Discharge Displays 

Gas-discharge or cold-cathode displays 
are available in both seven-segment and 
one -of -ten decoded displays. The one -of- 
ten decoded displays operate by energizing 
one of a series of stacked cathodes each in 
the shape of the numeral to be displayed. 
This stacked arrangement causes some 
viewing problems because the different 
numbers appear to move in or out within 
the display. A CD4028 BCD-to-decimal 
decoder could be used for the one-of-ten- 
decoding necessary for this type of device. 
The seven-segment decoded gas-discharge 
displays operate in a very similar manner 
to the seven-segment LED displays 
mentioned earlier. 

One disadvantage of gas-discharge 
displays is the high potential needed to 
activate the display. Typically, a voltage 
between 80 and 200 volts is necessary to 
cause ionization of the enclosed gas. Once 


678 












ICAN-6595 


v+ v+ 



DISPLAY 

SERIES SHUNT 

92CS- 29919 

Fig. 14 - Basic series and shunt circuits for 
multiplexing gas-discharge displays. 

ionization takes place, the cathode glows a 
dull red or orange-like color. In 
multiplexing these devices, care must be 
taken to make sure that segments 
energized for one digit are completely 
deionized before the next digit is ac- 
tivated. 


to 25 volts from anode to cathode is 
typically used to accelerate electrons 
emitted from the cathode. When the 
cathode is activated, the current flow is 
approximately 0.5 to 2 milliamperes 
depending upon the type of display. 

The potentials of the anode, grid, and 
filament are crucial in the operation of the 
fluorescent display. The potential of the 
filament in the fluorescent display must be 
directly related to both the grid and anode 
voltages because the filament is acting 
both as a heater and as the cathode of the 
display. The potential at which the 
electrons are emitted from the cathode or 
filament, therefore, is critical in deter- 
mining whether or not those electrons are 
accelerated toward the phosphor-coated 
anode. 

Advantages of fluorescent display 
systems include low power, low cost, ease 
of multiplexing, and ease of interfacing to 
integrated circuits. A disadvantage is that 


In an unmultiplexed system, the grid 
voltage should always be enabled to allow 
the display of the seven-segment in- 
formation. An example of such a system is 
given in Fig. 17. Because the grid voltage 
is constant and not at the control of the 
system, the only possible level shifting 
necessary would be for the segment 
display. 

Unlike the LED display, the fluorescent 
display quite often needs the level-shifting 
capability of a transistor-inductor flyback 
circuit to achieve the high potentials 
necessary for operation. Fig. 18 gives 
three typical up-converter circuits. The 
circuit of Fig. 18(a) is pulsed by Vjjsj thus 
causing a current flow through L. This 
change in current causes an increase in the 
voltage across the inductor (Vl = L* 
di/dt). The amount of current (ip ea k = 
Vdd^^ 2^ inversely proportional to the 
value of R 2 - With R 2 adjustable in value, 
the output voltage can be increased by 


For multiplexing gas-discharge 
displays, either the shunt or the series 
method can be used. See Fig. 14. The 
series method has the advantage of lower 
power dissipation, but it requires that the 
switching transistor have higher voltage 
and lower leakage than the shunt method 
requires. Fig. 15 illustrates the 
multiplexing of a one-of-ten gas-discharge 
display. Because of diode Dl, the 
oscillator using the CD4011 produces a 
non -symmetrical output having an off 
period long enough to assure that all 
characters are deionized. 

Fluorescent Displays 

The fluorescent display, like the LED, 
is a seven-segment device. Its operation is 
similar to that of a vacuum tube. The 
major difference is that the anode of the 
display has a phosphorescent coating 
which when struck by an electron beam 
emits blue-green light. Because this light 
is of a very wide spectrum, it can be 
filtered with little loss of display 
brightness. A positive potential of about 15 


they are more fragile than many other 
forms of display because they require an 
evacuated envelope. 

A typical circuit for driving a 
fluorescent display is given in Fig. 16. The 
display segments are connected to the 
anodes of the display device and can be 
driven directly from any COS/MOS High- 
Voltage B-Series Integrated Circuit at 
about 20 volts. In many instances, 
however, the control logic for the in- 
formation being displayed is operating at a 
voltage lower than the 20-volt display 
supply. In these cases, the CD40109B 
Quad Low-to-High Voltage Level Shifter 
can be used to interface the device. 

In a multiplexed system, the grid or 
cathode of the fluorescent display device 
operates in a manner equivalent to the 
digit drive on LED devices. A typical grid 
voltage value necessary to activate the 
display is 10 volts. If a system is operating 
below 10 volts, it may be necessary to shift 
the voltage levels of both the segment and 
the digit information. 


lowering the value of R 2 or decreased by 
raising its value. Capacitor C 2 filters the 
voltage spikes caused by the input 
frequency, and diode Dj keeps the 
capacitor charged while the voltage spike 
from L di/dt is low. 

Fig. 18(b) differs from Fig. 18(a) in that 
it has a self-contained RCL oscillator and 
obtains its voltage increase by transformer 
action. The oscillator formed by R 0 , C, 
and L drives the n-p-n bipolar devices 
forcing an ac signal across the transformer 
input windings. Because the turns ratio of 
the transformer from output to input is 
greater than one, there is an increase in 
output voltage. The transformer gives a 
more precise increase in voltage than the 
circuit in Fig. 18(a) provides. Capacitor C 
and diodes D and D^ clamp the voltage 
Vqut to *be breakdown voltage of Djr 
and filter and isolate C from discharging 
during the period of low output voltage 
from the transformer. 

Fig. 18(c) is similar to Fig. 18(b) in the 
transformer action, but its input is similar 



MULTIPLEXED 

BCD 

INPUTS 



20-V0LT GRID OR CATHODE DRIVE 


Fig. 15 - Series-type multiplexing of a one-of- 


vO O 20 V 
v C c v DD 


Typical circuit for driving 
a fluorescent digital display. 


ten gas-discharge display. 
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BCD INPUTS 


CD40I3 



Fig. 17 - Example of unmultiplexed system for 
driving a fluorescent display. 



92CS- 29905 

Fig. 19 - Circuit for interfacing a multiplexed 
incandescent-type digital display. 


to that of Fig. 18(a) in that it is driven by 
an external input. 

Circuits similar to those in Fig. 18 can 
be used to level-shift voltages for the gas- 



la) Pulsed, single-transistor- 
inductor flyback circuit. 



ib) Transformer-type circuit with 920s- 29907 
R CL oscillator providing drive. 



92CS-29906 

(c) Transformer-type circuit with 
external drive. 


Fig. 18 - Typical up-converter circuits for 
fluorescent digital displays. 


discharge type of display discussed 
previously. It is necessary, however, that 
the transformer, capacitors, transistors, 
and other components be rated to 
withstand the 200-volt signals which may 
be necessary to operate the gas-discharge 
display and be capable of meeting the 
higher power requirements. 

Incandescent Displays 

One other display which has had wide 
acceptance is the incandescent display. Its 
low cost, high brightness, and ready 
availability have lead to considerable use 
of this display. Its disadvantages are its 
high power dissipation and the high 
amount of heat it generates. Typical 
power requirements are 1.5 to 5 volts at 8 
to 24 milliamperes. 

Incandescent displays are available in 
many sizes and colors. Multiplexing of the 
digits is easily accomplished by pulsing 
each segment for a given time period. The 
wattage for an incandescent lamp at the 
stated brightness remains constant 
regardless of duty cycle or waveform 
shape provided that the multiplexing rate 
is faster than the thermal time constant of 
the filament. When incandescent displays 
are multiplexed, an increase in the forcing 
voltage by an amount equal to the square 
root of the number of multiplexed displays 
will maintain the same brightness on each 
display that it would have in a static 
condition. 

With incandescent displays, it is 
recommended that diodes be used in series 
with each segment to prevent erroneous 
display indication through stray electrical 
paths. Fig. 19 illustrates the interfacing of 
a multiplexed incandescent display. In 
this circuit, the CD4013 dual “D”-type 
flip-flop combines with the CD4069 
oscillator to generate the four pulse in- 


tervals needed to multiplex four digits. 
For a typical incandescent display 
requiring 4.5 volts, the voltage necessary 
for the four-digit display is 4 x 4.5 = 9 
volts. The CD40107 dual NAND buf- 
fer/driver and the p-n-p transistor 40537 
assure that sufficient current is generated 
at this voltage. With a typical filament 
segment current of 50 milliamperes, the 
current sourced from transistor 40537 is 50 
x 7 or 350 milliamperes. The minimum 
beta of the 40537 is 20. Its base current, 
therefore, is given by 

I B i = 350/20 = 17.5 mA. 

At Vp)j) of 12 volts and I()UT °* 17.5 
mA, Vqijp from the CD40107B is 0.11 
volt. Then, 

R] = (11.3 - 0.1D/17.5 = 640 ohms. 

For 50 milliamperes in each segment 
and a (3 of 40 

Ir 2 =: 50/40 = 1.25 mA 

At Vdd of 12 volts and IoUT °* 1*25 
mA, Vqut from the CD4511B is 11.4 
volts. Then, 

R 2 = (11.4 - 0.7)/l .25 = 8.56 kilohms. 

These calculations depend upon the 
current gain of each bipolar device and the 
voltage necessary on the incandescent 
display. As mentioned previously, the 
diodes in series with each display segment 
minimize the possibility of stray leakage 
currents. Use of the blanking input of the 
CD4511 assures that if the oscillator were 
to cease to function for any reason, the 
indexed digit and segments would not be 
destroyed by the static voltage and current 
applied to the display. 
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I CAN-6883 


Simplified Design of Astable RC Oscillators 
Using the CD4060B or Two CMOS Inverters 

D. Rodman 


Application Notes are available that 
deal with theoretical approaches to 
oscillator design; this Note stresses prac- 
tical aspects of design and provides easy- 
to-use algebraic equations that permit 
values of R and C for a given oscillator fre- 
quency to be quickly determined. 


Astable Design Approach 

The most basic RC oscillator circuit is 
that shown in Fig. 1. The time period T for 
one cycle of this oscillator is given by the 
equation: 1 


T = -RC 


vdd— VTR Vjr 

In — +ln — — 

Vdd vdd 


(D 


where: 


V DD = supply voltage 
Vtr = transfer voltage 


By letting Vtr = 0.5 Vdd, equation 1 can 
be simplified to: 


T = - RC (In 0.5 + In 0.5) 

T = 1.39 RC (2) 

The problem with this circuit is that 
transfer voltage can vary from 33 to 67 
percent of Vdd* Therefore, the maximum 
variation in the time period, T, can be as 
high as 9 percent, with a ±33 percent 
variation in transfer voltage from unit to 
unit. 


c 



Fig. 1 - The most basic RC oscillator circuit. 

An improvement to this basic circuit 
can be made by adding resistor R s , as 
shown in Fig. 2. The resistor makes the 
frequency independent of supply-voltage 
variations and reduces the time-period 
variations to less than 5 percent with 
variations in transfer voltage. 

Rs should be-10 times the value of Rx. If 
Rs is made less than 10 Rx, the variation 
in period T increases to about 10 percent 
as the value of Rs approaches zero.1 If Rs 
is made too large, a time constant and 
phase shift is produced by Rs and stray 
wiring and breadboard capacitance. This 
shift creates a switching delay in the cir- 
cuit which changes the time period. 
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Fig. 2 - An improved oscillator circuit made 
by adding resistor R s to the circuit of 
Fig . 1. 


The time period T for the circuit in Fig. 2 
is: 1 


T = 


- Rx c x 


In 


Vtr 


Vdd + Vjr 


vdd -vtr 

+ In 

2 vdd -Vtr 


(3) 


If Vjr = 0.5 Vdd. equation 3 can be 
simplified to: 

T = - RxCx (In Vs + In Vs) 

T = 2.2 RxCx (4) 


Equation 4 will only be true in the 
CD4060B for values of R greater than 50 
kilohms and for values of C greater than 
1000 picofarads. At values of C less than 
1000 picofarads, stray capacitance will 
have a much greater effect on the entire 
system. 

It is advised that a buffer circuit, Fig. 3, 
be added to the circuit of Fig. 2 to prevent 
the jitter that would otherwise be in- 
troduced into the circuit by noise picked 
up by connecting cables and by stray 
wiring and breadboard capacitance. The 
buffer circuit is not needed with the 
CD4060B since it has an internal buffer 
and is internally connected to a counter. 


w 
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> * 


92CS- 32505 


Fig. 3 - A buffer circuit used to improve the 
performance of the circuit of Fig. 2. 


Compensation for 50-Percent Duty Cycle 

A true square-wave pulse is obtained 
only when the transfer voltage occurs at 
the 50-percent point. If the transfer 
voltage is at either 33 or 67 percent, the 
duty cycle will not be 50 percent. The duty 
cycle can be controlled, however, if part 
of the resistance of the RCtime constant 
is shunted out with a diode, as shown in 
Fig. 4. 



Fig. 4 - Method of controlling the duty cycle 
of the RC oscillator. 


Because adjustment of this diode 
shunt to obtain a specific pulse factor 
causes the frequency of the circuit to 
stray, a frequency control, R1, Is added. 
This circuit is not needed when using the 
CD4060B since it is used in conjunction 
with a counter. A 50-percent duty cycle 
will be derived from the divider/counter 
outputs. 
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Abstracts of Other Application Notes 


IC AN-6080 6 pages 

Digital-to-Analog Conversion Using the RCA- 
CD-4007A COS/MOS IC 

The use of the RCA-CD4007A COS/MOS 
dual complementary pair plus inverter as a 
digital-to-analog (D/A) switch is demonstrated. 
The op-amp output stage for the digital-to- 
analog converter (DAC) uses COS/MOS and 
bipolar transistor-array IC’s. Resistance networks 
for DAC’s, the design of a voltage-follower 
amplifier for single supply operation, and a 
9-bit COS/MOS DAC are described. 


ICAN-6166 16 pages 

COS/MOS MSI Counter and Register Design 
and Applications 

Logic and schematic diagrams for counter 
and register types CD4006A, CD4014A, 

CD4015A, CD4018A, CD4020A, CD4021A, 
CD4022A, and CD4024A are presented; cir- 
cuit designs are outlined and device-design 
trade-offs are discussed. Performance criteria 
are summarized and applications by type are 
outlined by means of logic or subsystems dia- 
grams and waveforms photographs. 


ICAN-6176 8 pages 

Noise Immunity of COS/MOS Integrated-Circuit 
Logic Gates 

The types of noise usually encountered in a 
logic system are discussed and the noise im- 
munity of a COS/MOS integrated-circuit logic- 
gate test circuit in relation to system variables 
is evaluated. The evaluation is performed on a 
circuit that includes a CD4000A dual 3-input 
gate plus inverter and a CD4001 A quad 2-input 
gate connected in cascade to drive a CD4013A 
flip-flop. Measurement of the voltage required 
at various gate leads to switch the flip-flop 
defines the noise immunity threshold of the 
gate circuits. 


ICAN-6210 11 pages 

A Typical Data-Gathering and Processing Sys- 
tem Using CD4000A-Series COS/MOS Parts 

This Note is developed in terms of a typical 
system for process controls. The flexibility of 
system design and common data-bus architec- 
ture made possible by the three-state outputs 
and bidirectional input/outputs incorporated in 
many COS/MOS circuits are stressed, as is the 
ease of system design for data handling in 
increments of 4 bits made possible by the 
CD4000A family. The implementation of the 
system is shown in terms of the COS/MOS stand- 
ard parts that can be used to perform the 
desired system functions. Attention is focused 
on the multiplicity of applications and the 
scope of information processing that can be 
covered by standard parts. 


ICAN-6289 12 pages 

A COS/MOS PCM Telemetry and Remote Data 
Acquisition Design 

Descriptive background material on tele- 
metry systems is given along with systems for 
both immediate and remote data conversion 


and transmission. Parts from the CD4000 family 
are used to show how various sections of the 
system may be realized, in the general case. The 
exact configuration of any specific system will, 
of course, depend on the unique requirements 
of the application. 


ICAN-6362 10 pages 

Using the CD4520B to Design Dividers with 
Symmetrical Outputs 

The general-purpose COS/MOS dual up- 
counter, the CD4520B, a counter that may be 
used in various counting and dividing applica- 
tions is discussed. Dividers of the form N=2* ; ± 1 
and N=2 X ± 1 and described. Applications of 
symmetrical dividers are also discussed. 


ICAN-6374 8 pages 

The COS/MOS CD4059A Programmable Divide- 
by-N Counter in FM and Citizens-Band-Trans- 
ceiver Tuners 

The frequency synthesis capability of the 
CD4059A programmable divide-by-N counter 
is demonstrated in applications in an FM 
digital tuner and in the digital tuner for a 
citizens-band tranceiver.. The digital approach 
described in the paper allows desired frequen- 
cies to be selected by depressing numbered 
buttons on a keyboard. By using the appro- 
priate basic circuitry along with a phase-locked- 
loop circuit, the local oscillator of the receiver 
is adjusted and locked to the proper frequency, 
thus assuring proper station selection. Alternate 
methods of station selection that enhance the 
flexibility of the system are described. 


ICAN-6498 6 pages 

Design of Fixed and Programmable Counters 
Using the RCA CD4018A COS/MOS Presettable 
Divide-by-N Counter 

The use of the CD4018A single-decade and 
multidecade fixed and programmable divide-by- 
N counters are described. System considerations 
such as switch simplifications, components 
minimization, and speed are also discussed. 

ICAN-6600 6 pages 

Arithmetic Arrays Using Standard COS/MOS 
Building Blocks 

The design of a COS/MOS arithmetic unit 
capable of adding, subtracting, multiplying, and 
dividing is described. The device is also able 
to perform the logical functions of OR, AND 
and the Exclusive OR of two 4-bit words. Three 
4-bit registers are provided that permit either of 
two words to perform a desired operation with 
a third word. The system is configured with 
standard, commercially available COS/MOS 
devices, which include registers, AND-OR select 
gates, a full adder, and NOR and NAND gates. 


ICAN-6601 12 pages 

Transmission and Multiplexing of Analog or 
Digital Signals Utilizing the CD4016A Quad 
Bilateral Switch * 

The CD4016A quad bilateral switch is the 


ideal semiconductor switch for use in switching 
applications; it can be used for the transmission 
of analog or digital signals with low distortion. 
The Note discusses features of the device; opera- 
tion of the COS/MOS switch; switch and logic 
applications, including switch and logic func- 
tions; multiplexing/demultiplexing; digital con- 
trol of signal gain, frequency, and impedance, 
including resistor networks, and variable fre- 
quency control; digital-to-analog conversion, in- 
cluding weighted resistor networks for the D/A 
converter, and an R-2R resistor ladder D/A 
converter; sample-and-hold applications; and 
squelch control (level detection). 


ICAN-6602 12 pages 

Interfacing COS/MOS with Other Logic Families 
The RCA CD4000A COS/MOS series circuits 
operate from power-supplies of 3 to 15 volts. 
Thus, they can drive and be driven by a num- 
ber of logic families, including all DTL and TTL 
families, within certain conditions and limita- 
tions. This Note describes the conditions of 
interface. 


ICAN-6716 15 pages 

Low-Power Digital Frequency Synthesizers Uti- 
lizing COS/MOS IC’s 

A digital frequency synthesizer that employs 
a digital phase-locked loop and other COS/MOS 
circuits is described. Following a reveiw of 
phase-locked-loop fundamentals, the use of 
COS/MOS devices in FM receiver systhesizers 
is discussed. 

ICAN-6733 16 pages 

Battery-Powered Digital-Display Clock/Timer 
and Metering Applications Utilizing the RCA 
CD4026A and CD4033A Decode Counters - 
7 Segment Output Types 

This Note describes the CD4033A and 
CD4026A and their use with various 7-segment 
display units presently available. Interface 
packages and methods are discussed to help the 
the designer select the best system to meet his 
demands. Also included are battery-operated 
systems for digital clocks and watches. 


ICAN-6739 12 pages 

COS/MOS Rate Multipliers — Versatile Circuits 
for Synthesizing Digital Functions 

COS/MOS rate multipliers, the CD4527B 
and CD4089B, can be used as building blocks 
to generate a range of digital functions in 
low-power systems where minimum package 
count is desirable. The circuits may be em- 
ployed in numerical control, instrumentation, 
digital filtering, and frequency synthesis. When 
used with an up/down counter and control 
logic, they can be used to perform such opera- 
tions as multiplication, addition, subtraction, 
generation of algebraic equations and differen- 
tial equations, integration, and to raise num- 
bers to various powers. Symmetric rate multi- 
plication, the problem of eliminating round-off 
error in a direct frequency-synthesis application 
in a common-carrier multiplex system is also 
covered, 
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Iceland Georg Amundason 

P.O. Box 698, 

Reykjavik 
Tel: 81180 

India Photophone (Cornel) 

179/5 Second Cross 
Bangalore 560-003 

Italy Eledra 3S SpA 

Viale Elvezia 18, 

1 -20154 Milano 
Tel: (02) 349751 

IDAC Elettronica SpA 
Via Turazza 32, 

I - 35100 Padova 
Tel: (049) 66.02.22 

LASI Elettronica SpA 
Viale Lombardia 6, * 

I - 20092 Cinisello Balsamo (MI) 
Tel: (02) 61.20.441-5 

Silverstar Ltd. 

Via dei Gracchi 20, 

1 -20146 Milano 
Tel: (02) 4996 

Japan Okura & Company Ltd. 

3-6 Ginza Nichome Chuo-Ku 
Tokyo 104 

Korea Panwest Company, Ltd. 

Room 312, Sam Duk Building 
131, Da-Dong, Chung-Ku 
Seoul, Republic of Korea 

C. P.O. Box 3358 

Mexico Electronica Remberg. S.A. 

de C.V. 

Republica del Salvador No. 
30-102, Mexico City 1, D.F. 

Mantenimiento E Instalaciones 
Internacionales, S.A. 

Calle 15 No. 79, Col. San Pedro 
de Los Pinos, Mexico 18, D.F. 

Mexicana de Bulbos, S.A. 

Michoacan No. 30, Mexico 11, 

D. F. 

Partes Electronicas, S.A. 
Republica del Salvador 30-1 
Mexico City 

Raytel, S.A. 

Sullivan 47 Y 49, Mexico 4, 

D.F. 

Netherland El Louvre, S.A. 

Antilles Post Office Box 138, Curacao 

New Zealand Amalgamated Wireless 

(Australasia) N.Z. Ltd. 

P.O. Box 50-248, Porirua 

Nicaragua Electronica Centroamericana, 

S.A. 

P.O. Box 3103, Managua 

Comercial F. A. Mendieta,S.A. 
Apartado Postal No. 1956 
Paseo Tiscapa, Contiguo 
Donde Estuvo, Embajada 
Americana, Managua 

Radio Centro 

Reparto Serrano, Managua — 
MAIL ADDRESS: P.O. Box 
31, Managua, Nicaragua 

Norway National Elektro A/S 

Ulvenveien 75, Okern - 
Oslo 5 

Tel: 02/22 19 00 


Panama 

Sistelcom, S.A. 

Ave. Mexico y Ave. Ecuador 
Edificio Albertina No. 3 
Panama 5 

Tropelco, S.A. 

Via Espana 20-18, Panama 7 — 
MAIL ADDRESS: P.O. Box 
8465, Panama 7, Rep. of 
Panama 

Peru 

Arven S.A. 

PSJ Adan Mejia 103, OF. 33 
Lima 11 

Philippines 

Philippines Electronic 
Industries, Inc. 

P.O. Box 498, 3rd Floor, RCA 
Global Bldg, 8755 Paseo De 
Roxas, Makati Commercial 
Center, Makatim Metro Manila 
3110 

Portugal 

Telectra Sari 

Rua Rodrigo da Fonseca, 103 
Lisbon 1 

Tel: 68.60.72-75 

Puerto Rico 

Kelvinator Sales of Puerto 
Rico, Inc. 

P.O. Box BG, Rio Piedras, 
Puerto Rico 00928 

Singapore 

Edward Eu & Co., Ltd 

1 Orchard Road, Singapore 9, 
Republic of Singapore 

South Africa 

Allied Electric (PTY) Ltd. 
Components Division, P.O. 

Box 6090, Dunswart 1508 

Tel: (Oil) 892-1001 

Spain 

Electrica Comercial Colominas 
S.A. 

Division Novolectric 

Valencie 109-111 

Barcelona 11 

Tel: (03) 253.20.07 

Sisteco S.A. 

Corcega 167, 

Barcelona 36 

Tel: (03)321.73.47/92 


(03) 322.42.05/52 


Surinam 

Kirpalani’s Ltd. 

17-27 Maagdenstreet, P.O. Box 
251, Paramaribo 

Surinam Electronics 

Keizerstreet 206, Paramaribo — 
MAIL ADDRESS: P.O. Box 
412, Paramaribo, Surinam 

Sweden 

Femer Electronics AB 
Snormakarvagen 35, 

P.O. Box 125, 

161 26 Bromma Stockholm 

Tel: 08/80 25 40 

Lagercrantz Elektronik AB 
Kanalvagen 5, 

P.O. Box 48 

194 01 Upplands Vasby 

Tel: 0760-861 20 

Switzerland 

Baerlocher AG 

P.O. Box485, 

CH -8021 Zurich 

Tel: (01) 42.99.00 

Taiwan 

Hwa Sheng Electric Co., Ltd. 
5th Floor Pong Lai Building 
245 Min Chuan East Road 

P.O. Box 55-679, Taipei 

Thailand 

Anglo Thai Engineering Ltd. 
P.O. Box 18,137 Wireless Road 
Bangkok 

Turkey 

Teknim Company Ltd. 

Riza Sah Pehlevi Caddesi 7 
Kavaklidere Ankara 

Tel: 27.58.00 


U.K. Crellon Electronics Ltd. 

380 Bath Road, Slough, 

Berks, SL1 6JE 

Tel: Burnham (06286) 4434 

I.T.T. Electronic Services 
Edinburgh Way, Harlow 
Essex, CM20 2DE 
Tel: Harlow (0279) 26777 

Jermyn Distribution 
Vestry Industrial Estate 
Sevenoaks, Kent 
Tel: Sevenoaks (0732) 50144 

Macro Marketing Ltd. 

396 Bath Road, Slough, Berks 
Tel: Burnham (06286) 4422 

Semicomps Northern Ltd. 

East Bowmont Street, Kelso, 
Roxburghshire, Scotland 
Tel: Kelso (05732) 2366 

VSI Electronic (U.K.) Ltd. 
Roydonbury Industrial Park 
Horsecroft Road, Harlow 
Essex CM19 5BY 
Tel: (0279) 29666 
(0279) 32947 

U.S. 

Alabama Hamilton Avnet Electronics 

4692 Commercial Drive, NW 
Huntsville, AL 35805 
Tel: (205) 837-7210 

Arizona Hamilton Avnet Electronics 

505 South Madison Drive 
Tempe, AZ 85281 
Tel: (602) 894-9600 

Kierulff Electronics, Inc. 

4134 East Wood Street 
Phoenix, AZ 85040 
Tel: (602) 243^1101 

Wyle Distribution Group 
8155 North 24th Avenue 
Phoenix, AZ 85022 
Tel: (602) 249-2232 

California Arrow Electronics, Inc. 

720 Palomar Avenue 
Sunnyvale, CA 94086 
Tel: (408) 739-3011 

Avnet Electronics 
350 McCormick Avenue 
Costa Mesa, CA 92626 
Tel: (714) 754-6051 

Electronic Supply Corp. 

2486 Third Street 
Riverside, CA 92507 
Tel: (714) 683-7300 

Hamilton Avnet 
1175 Bordeaux Drive 
Sunnyvale, CA 94086 
Tel: (408) 743-3300 

Hamilton Avnet 

4545 Viewridge Avenue 
San Diego, CA 92123 

Tel: (714) 279-2421 

Hamilton Electro Sales 
10912 W. Washington Blvd 
Culver City, CA 90230 
Tel: (213) 558-2020 

Kierulff Electronics, Inc. 

2585 Commerce Way 
Los Angeles, CA 90040 
Tel: (213) 725-0325 
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Colorado 


Connecticut 


Florida 


Kierulff Electronics, Inc. 

3969 E. Bayshore Road 
Palo Alto, CA 94303 
Tel: (415) 968-6292 

Kierulff Electronics, Inc. 

8797 Balboa Avenue 
San Diego, CA 92123 
Tel: (714) 278-2112 

G. S. Marshall Company 
9674 Telstar Avenue 
El Monte, CA 91731 
Tel: (213) 686-0141 

Marshall Industries 
17321 Murphy Avenue 
Irvine, CA 92714 
Tel: (714) 556-6400 
RPS Electronics, Inc. 

1501 South Hill Street Georgia 

Los Angeles, CA 90015 
Tel: (213) 748-1271 

Schweber Electronics Corp. 

17811 Gillette Avenue 
Irvine, CA 92714 
Tel: (714) 556-3880 

Schweber Electronics Corp. 

3110 Patrick Henry Drive 
Santa Clara, CA 95050 

Tel: (408) 496-0200 

Wyle Distribution Group 

124 Maryland Avenue Illinois 

El Segundo, CA 90245 
Tel: (213) 322-8100 

Wyle Distribution Group 

9529 Chesapeake Drive 
San Diego, CA 92123 

Tel: (714) 565-9171 

Wyle Distribution Group 

300 Bowers Avenue 
Santa Clara, CA 95052 

Tel: (408) 727-2500 

Hamilton Avnet Electronics 
8765 E. Orchard Road, Suite 
708, Englewood, CO 80111 
Tel: (303) 740-1000 

Kierulff Electronics, Inc. 

10890 East 47 th Avenue 
Denver, CO 80239 
Tel: (303) 371-6500 

Wyle Distribution Group 

6777 East 50th Avenue Indiana 

Commerce City, CO 80022 

Tel: (303) 287-9611 

Arrow Electronics, Inc. 

12 Beaumont Road 

Wallingford, CT 06492 Iowa 

Tel: (203) 265-7741 

Hamilton Avnet Electronics 
Commerce Drive, Commerce 
Park, Danbury, CT 06810 Kansas 

Tel: (203) 797-1100 

Schweber Electronics Corp. 

Finance Drive, Commerce 
Industrial Park, Danbury, CT Louisiana 

06810 

Tel: (203) 792-3500 

Arrow Electronics, Inc. 

1001 NW 62nd Street, Suite 108 Maryland 

Ft. Lauderdale, FL 33309 
Tel: (305) 776-7790 


Arrow Electronics, Inc. 

115 Palm Bay Road, NW 
Building 200, Palm Bay, FL 
32905 

Tel: (305) 725-1480 

Hamilton Avnet Electronics 
6800 NW 20th Avenue 
Ft. Lauderdale, FL 33309 
Tel: (305) 971-2900 

Hamilton Avnet Electronics 

3197 Tech Drive, No. 

St. Petersburg, FL 33702 
Tel: (813)576-3930 


Hamilton Avnet Electronics 
7255 Standard Drive 
Hanover, MD 21076 
Tel: (301) 796-5000 

Pyttronic Industries, Inc. 
Baltimore/ Washington 
Industrial Pk, 8220 Wellmoor 
Court, Savage, MD 20863 
Tel: (301) 792-0780 

Schweber Electronics Corp. 
9218 Gaither Road 
Gaithersburg, MD 20760 
Tel: (301) 840-5900 


Schweber Electronics Corp. Massachusetts Arrow Electronics, Inc. 

2830 North 28th Terrace 96D Commerce Way 


Hollywood, FL 33020 
Tel: (305) 927-0511 

Arrow Electronics, Inc. 

2979 Pacific Drive 
Norcross, GA 30071 
Tel: (404) 449-8252 

Hamilton Avnet Electronics 
6700 1-85 Access Road, Suite 
IE, Norcross, GA 30071 

Tel: (404) 448-0800 

Schweber Electronics, Inc. 
4126 Pleasantdale Road 
Atlanta, GA 30340 
Tel: (404) 449-9170 

Arrow Electronics, Inc. 

492 Lunt Avenue 
Schaumburg, IL 60193 
Tel: (312) 893-9420 

Hamilton Avnet Electronics 
3901 North 25th Avenue 
Schiller Park, IL 60176 
Tel: (312) 678-6310 


Woburn, MA 01801 
Tel: (617) 933-8130 

Hamilton Avnet Electronics 
50 Tower Office Park 
Woburn, M A 01801 
Tel: (617) 935-9700 

A. W. Mayer Co. 

38 Border Street 
West Newton, MA 02165 
Tel: (617)965-1111 

Schweber Electronics Corp. 
25 Wiggins Avenue 
Bedford, MA 01730 
Tel: (617) 275-5100 

Sterling Electronics, Inc. 

41 1 Waverly Oaks Road 
Waltham, MA 02154 
Tel: (617) 894-6200 

Wilshire Electronics/ 

New England, One Wilshire 
Road, Burlington, MA 01803 
Tel: (617) 272-8200 


Newark Electronics Michigan 

500 North Pulaski Road 
Chicago, IL 60624 


Tel: (312) 6384411 

Schweber Electronics Corp. 
1275 Brummel Avenue 
Elk Grove Village, IL 60007 
Tel: (312) 593-2740 

Semiconductor Specialists, Inc. 
195 Spangler Avenue 
Elmhurst, IL 60126 
Tel: (312) 279-1000 


Arrow Electronics, Inc. 

3810 Varsity Drive 
Ann Arbor, MI 48104 
Tel: (313) 971-8220 

Hamilton Avnet Electronics 
32487 Schoolcraft Road 
Livonia, MI 48150 
Tel: (313) 5224700 

RS Electronics, Inc. 

34443 Schoolcraft Road 
Livonia, MI 48150 
Tel: (313) 525-1155 


Graham Electronics Supply, 
Inc. 

133 S. Pennsylvania Street 
Indianapolis, IN 46204 
Tel: (317) 634-8202 
Deeco, Inc. 

2500 16th Avenue, SW 
Cedar Rapids, IA 52406 
Tel: (319) 365-7551 

Hamilton Avnet Electronics 
9219 Quivira Road 
Overland Park, KS 66215 
Tel: (913) 888-8900 

Sterling Electronics, Inc. 
4613 Fairfield Road 
Metairie, LA 70002 
Tel: (504) 887-7610 

Arrow Electronics, Inc. 

4801 Benson Avenue 
Baltimore, MD 21227 
Tel: (301) 247-5200 


Schweber Electronics Corp. 
33540 Schoolcraft Road 
Livonia, MI 48150 
Tel: (313) 525-8100 

Minnesota Arrow Electronics, Inc. 

5230 West 73rd Street 
Edina, MN 55435 
Tel: (612) 830-1800 

Hamilton Avnet Electronics 
7449 Cahill Road 
Edina, MN 55435 
Tel: (612) 941-3801 

Schweber Electronics Corp. 
7422 Washington Avenue, So. 
Eden Prairie, MN 55344 
Tel: (612) 941-5280 

Missouri Hamilton Avnet Electronics 

13743 Shoreline Court East 
Earth City, MO 63045 
Tel: (314) 344-1200 
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New Hampshire Arrow Electronics, Inc. 

1 Perimeter Drive 
Manchester, NH 03103 
Tel: (603) 668-6968 

New Jersey Arrow Electronics, Inc. 

Pleasant Valley Avenue 
Moorestown, NJ 08057 
Tel: (609) 235-1900 

Arrow Electronics, Inc. 

285 Midland Avenue 
Saddlebrook, NJ 07662 
Tel: (201) 797-5800 

Hamilton Avnet Electronics 
10 Industrial Road 
Fairfield, NJ 07006 
Tel: (201)575-3390 

Hamilton Avnet Electronics 
1 Keystone Avenue 
Cherry Hill, NJ 08003 
Tel: (609) 234-2133 

Kierulff Electronics, Inc. 

3 Edison Place 
Fairfield, NJ 07006 
(201) 935-2120 

Resco Electronics 
Div. of Astrex, Inc., Airport & 
Central Hwys, Airport 
Industrial Park, Pennsauken, 
NJ 08110 

Tel: (609) 662-4000 

Schweber Electronics Corp. 

18 Madison Road 
Fairfield, NJ 07006 
Tel: (201)227-7880 

Wilshire Electronics/ NJ 
1 1 1 1 Paulison Avenue 
Clifton, NJ 07015 
Tel: (201) 340-1900 

New Mexico Arrow Electronics, Inc. 

2460 Alamo, SE 
Albuquerque, NM 87106 
Tel: (505) 243-4566 

Hamilton Avnet Electronics 
2524 Baylor SE 
Albuquerque, NM 87106 
Tel: (505) 765-1500 

New York Arrow Electronics, Inc. 

900 Broad Hollow Road 
Route 110, Farmingdale, LI, 
NY 11735 
Tel: (516) 694-6800 

Arrow Electronics, Inc. 

7705 Maltage Drive 
Liverpool, NY 13008 
Tel: (315) 652-1000 

Arrow Electronics, Inc. 

3000 South Winton Road 
Rochester, NY 14623 
Tel: (716) 275-0300 

Hamilton Avnet Electronics 
5 Hub Drive 
Melville, NY 11746 
Tel: (516) 454-6000 

Hamilton Avnet Electronics 
167 Clay Road 
Rochester, NY 14623 
Tel: (716) 442-7820 


Hamilton Avnet Electronics 
16 Corporate Circle 
East Syracuse, NY 13057 
Tel: (315) 437-2641 

Milgray Electronics, Inc. 

191 Hanse Avenue 
Freeport, LI, NY 11520 
Tel: (516) 546-6000 

Rochester Radio Supply Co. 
140 W. Main Street 
Rochester, NY 14614 
Tel: (716) 454-7800 

Schweber Electronics Corp. 

2 Town Line Circle 
Rochester, NY 14623 
Tel: (716) 424-2222 

Schweber Electronics Corp. 
Jericho Turnpike 
Westbury, LI, NY 11590 
Tel: (516) 334-7474 

Summit Distributors, Inc. 

916 Main Street 
Buffalo, NY 14202 
Tel: (716) 884-3450 

North Carolina Arrow Electronics, Inc. 

938 Burke Street, 
Winston-Salem, NC 27101 
Tel: (919) 725-8711 

Hamilton Avnet Electronics 
2803 Industrial Drive 
Raleigh, NC 27609 
Tel: (919) 829-8030 

Hammond Electronics of 
Carolina 

2923 Pacific Avenue 
Greensboro, NC 27406 
Tel: (919) 275-6391 

Ohio Arrow Electronics, Inc. 

10 Knollcrest Drive 
Reading, OH 45237 
Tel: (513) 761-5432 

Arrow Electronics, Inc. 

6238 Cochran Road 
Solon, OH 44139 
Tel: (216) 248-3990 

Arrow Electronics, Inc. 

7620 McEwen Road 
Centerville, OH 45459 
Tel: (513) 435-5563 

Hamilton Avnet Electronics 
4588 Emery Industrial Parkway 
Cleveland, OH 44128 
Tel: (216) 831-3500 

Hamilton Avnet Electronics 
954 Senate Drive 
Dayton, OH 45459 
Tel: (513) 433-0610 

Hughes Peters, Inc. 

481 East 11th Avenue 
Columbus, OH 43211 
Tel: (614) 294-5351 

Schweber Electronics Corp. 
23880 Commerce Park Road 
Beachwood, OH 44122 
Tel: (216) 464-2970 

The Stotts Friedman Co. 

2600 East River Road 
Dayton, OH 45439 
Tel: (513) 298-5555 


Oklahoma 


Oregon 


Pennsylvania 


Texas 


Utah 


Washington 


Radio, Inc. 

1000 S. Main Street 
Tulsa, OK 74119 
Tel: (918) 587-9123 

Hamilton Avnet Electronics 

6024 SW Jean Road, Bldg B, 
Suite J, Lake Oswego, OR 
97034 

Tel: (503) 635-8159 

Herbach & Rademan, Inc. 

401 East Erie Avenue 
Philadelphia, PA 19134 
Tel: (215) 426-1700 

Schweber Electronics Corp. 

101 Rock Road 
Horsham, PA 19044 
Tel: (215) 441-0600 

Arrow Electronics, Inc. 

13715 Gamma Road 
Dallas, TX 75240 
Tel: (214)386-7500 

Arrow Electronics, Inc. 

10700 Corporate Drive #100 
Stafford, TX 77477 
Tel: (713) 491-4100 

Hamilton Avnet Electronics 
2401 Rutland Drive 
Austin, TX 78758 
Tel: (512) 837-8911 

Hamilton Avnet Electronics 
2111 West Walnut Hill Lane 
Irving, TX 75002 
Tel: (214)659-4100 

Hamilton Avnet Electronics 
3939 Ann Arbor Street 
Houston, TX 77063 
Tel: (712) 780-1771 

Schweber Electronics Corp. 
4202 Beltway, Dallas, TX 75234 
Tel: (214) 661-5010 

Schweber Electronics Corp. 
7420 Harwin Drive 
Houston, TX 77036 
Tel: (713) 784-3600 

Sterling Electronics, Inc. 

2335A Kramer Lane, Suite A 
Austin, TX 78758 
Tel: (512) 836-1341 

Sterling Electronics, Inc. 

11090 Stemmons Freeway 
(Stemmons at Southwell) 
Dallas, TX 75229 

Tel: (214) 243-1600 

Sterling Electronics, Inc. 

4201 Southwest Freeway 
Houston, TX 77027 
Tel: (713) 627-9800 

Trevino Electronics, Inc. 

2874 Walnut Hill Lane 
Dallas, TX 75229 
Tel: (214) 358-2418 

Hamilton Avnet Electronics 
1585 West 2100 South 
Salt Lake City, UT 84119 
Tel: (801)972-2800 

Hamilton Avnet Electronics 
14212 NE 21st Street 
Bellevue, WA 98005 
Tel: (206) 746-8750 
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Wisconsin 


Uruguay 

U.S. 

Arizona 

California 


Colorado 

Delaware 


Florida 

Georgia 


Idaho 


Illinois 


Kansas 
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Robert E. Priebe Company 
2211 5th Avenue 
Seattle, WA 98121 
Tel: (206) 682-8242 

Wyle Distribution Group 

1750 132nd Avenue, NE 
Bellevue, WA 98005 
Tel: (206) 453-8300 

Arrow Electronics, Inc. 

430 West Rawson Avenue 
Oak Creek, WI 53154 
Tel: (414) 764-6600 

Hamilton Avnet Electronics 
2975 South Moorland Road 
New Berlin, WI 53151 

Tel: (414) 7844510 

Taylor Electric Company 
1000 W. Donges Bay Road 
Mequon, WI 53092 
Tel: (414) 241-4321 
APSA 

Av. Italia 4230, Montevideo 


Venezuela Dina Radio, C.A. 

Calle Madrid Entre Nueva 
York y Carolina, Quinta Tana 
Las Mercedes 107, Caracas — 
MAIL ADDRESS: Apartado 
Postal 60429, Chacao, Caracas, 
Venezuela 

Tele-Cuba, S.A. 

Av. Este O, No. 164, Ferrenquin 
a la Cruz, La Candelaria, 
Caracas — MAIL ADDRESS: 
Apartado 9520, Caracas, 
Venezuela 

West Indies Da Costa and Musson Ltd. 

Post Office Box 103, General 
Post Office, Barbados 

West Germany Alfred Neye Enatechnik GmbH 
Schillerstrasse 10, 

2085 Quickborn 
Tel: 04106/6121 

Gustav Beck 
Eltersdorfer Strasse 7, 

8500 Nurnberg 15 
Tel: 0911/34961-66 


Elkose GmbH 
Bahnhofstrasse 44, 

7141 Moglingen 

Tel: 07141/487-1 

RTG E. Springorum GmbH & Co. 
Bronnerstrasse 7, 

4600 Dortmund 1 
Tel: 0231/5495-1 
Sasco GmbH 

Hermann-Oberth-Strasse 16 
8011 Putzbrunn 
Tel: 089/46111 

Spoerle Electronic KG 
Otto-Hahn-Strasse 13, 

6072 Dreieich 

Tel: 06103/3041 

Yugoslavia Avtotehna 

P.O. Box 593, 

Titova 36-XI Ljubljana 61000 

Tel: 317 044 


RCA Manufacturers’ Representatives 


Michigan 


Thom Luke Sales, Inc. 

2940 North 67th Place, Suite B 
Scottsdale, AZ 85251 

Tel: (602) 941-1901 Missouri 

Bestronics 

(San Diego Area), 10150 

Sorrento Valley Road, Suite 

300, San Diego, CA 92121 

Tel: (714) 452-5500 Montana 

Waugaman Associates, Inc. 

4800 Van Gordon Street 

Wheatridge, CO 80033 

Tel: (303) 423-1020 Nevada 

Thomas Associates, Inc. 

12 South Black Horse Pike 
Bellmawr, NJ 08031 
Tel: (609) 933-2600 

(215) 627-8614 New Jersey 

G. F. Bohman Associates 
130 North Park Avenue 
Apopka, FL 32703 
Tel: (305) 886-1882 


Nicon Associates 

3835 West Eight Mile Road 

Detroit, MI 48221 

Tel: (313) 341-7688 

Kebco 

75 Worthington Drive, Suite 
101, Maryland Heights, MO 
63043 

Tel: (314) 576-4110/4111 
R 2 Marketing 

940 North 400 East, North Salt 
Lake City, UT 84054 
Tel: (801) 298-2631 

Thom Luke Sales, Inc. 

(Clark County only), 2940 
North 67th Place, Suite B 
Scottsdale, AZ 85251 

Tel: (602) 941-1901 

Thomas Associates, Inc. 
(Southern NJ), 12 South Black 
Horse Pike, Bellmawr, NJ 
08031 

Tel: (609) 933-2600 
(215) 627-6614 


Oregon 


Pennsylvania 


South Carolina 


Tennessee 


Montgomery Marketing 

Pineland Woods #303, 3640 
Peachtree Corner, West 
Norcross, GA 30092 

Tel: (404) 447-6124 

Western Technical Sales, Inc. 
(North of Boise), P.O. Box 3923 
Bellevue, WA 98009 
Tel: (206) 641-3900 
R 2 Marketing 

(East & South of Boise), 940 
North 400 East, North Salt 
Lake City, UT 84054 

Tel: (801) 298-2631 
Kebco 

(Southern ILL Area), 75 
Worthington Drive, Suite 101 
Maryland Heights, MO 63043 

Tel: (314) 576-4110/4111 
Kebco 

7070 West 107th Street, Suite 
160, Overland Park, KS 66212 


New York L-Mar Associates, Inc. 

(Upstate NY), 4515 Culver 
Road, Rochester, NY 14622 
Tel: (716) 544-8000 

L-Mar Associates, Inc. 

216 Tilden Drive, East 
Syracuse, NY 13057 
Tel: (315) 437-7779 

L-Mar Associates, Inc. 

921 North Rogers Avenue, 
Endicott, NY 13760 
Tel: (607) 748-1482 

North Carolina Montgomery Marketing, Inc. 

1212 Lane Drive, P.O. Box 520 
Cary, NC 27511 
Tel: (919) 467-6319 

Ohio Arthur H. Baier Company 

67 Alpha Park, Cleveland, OH 
44143 

Tel: (216) 461-6161 


Utah 


Washington 


West Virginia 


Wisconsin 


Wyoming 


Tel: (913) 649-1051 


Arthur H. Baier Company 
4940 Profit Way, Dayton, OH 
45414 

Tel: (513) 276-4128 

Western Technical Sales, Inc. 
2271 NW Cornell Road 
Hillsboro, OR 97123 
Tel: (503) 640-4621 

Arthur H. Baier Company 
(Western PA) 67 Alpha Park 
Cleveland, OH 44143 
Tel: (216) 461-6161 

Thomas Associates, Inc. 
(Eastern PA), 12 South Black 
Horse Pike, Bellmawr, NJ 
08031 

Tel: (609) 933-2600 
(215) 627-6614 

Montgomery Marketing, Inc. 
1212 Lane Drive, P.O. Box 520 
Cary, NC 27511 
Tel: (919) 467-6319 

Montgomery Marketing, Inc. 
1212 Lane Drive, P.O. Box 520 
Cary, NC 27511 
Tel: (919) 467-6319 
R 2 Marketing 

940 North 400 East, Suite B 
North Salt Lake City, UT 84054 
Tel: (801) 298-2631 

Western Technical Sales, Inc. 
P.O. Box 3923, Bellevue, WA 
98009 

Tel: (206) 641-3900 

Arthur H. Baier Company 
67 Alpha Park, Cleveland, OH 
44143 

Tel: (216) 461-6161 

Key Enterprises 

850 Elm Grove Road, Elm 

Grove, WI 53122 

Tel: (414) 784-3390 

Waugaman Associates, Inc. 
4800 Van Gordon Street 
Wheatridge, CO 80033 
Tel: (303) 423-1020 



High-Reliability 10 Capability 


RCA Solid State is a leading supplier of high-reliability 
integrated circuits to the military and aerospace com- 
munity. Years of commitment, dedication, experience, 
and know-how make possible shipment of hundreds of 
thousands of quality high-reliability microcircuits an- 
nually. 

RCA specialists fully understand the needs of compo- 
nent and systems engineers in the design of high- 
reliability equipment, are thoroughly familiar with the 
objective and requirements of MIL-STD-883 and MIL- 
M-38510, and work closely with governmental agencies 
in the establishment of detailed specifications for high- 
reliability microcircuits. Moreover, RCA Solid State pro- 
vides complete facilities for processing and testing in- 
tegrated circuits to these specifications. RCA Solid 
State is justly proud of its many significant ac- 
complishments with respect to the development, pro- 
duction and shipment of high-reliability integrated cir- 
cuits, including: 

° First supplier of MIL-M-38510 to attain Class S 
certification 

° First supplier of MIL-M-38510 COS/MOS in- 
tegrated circuits 

° Leader in the production of radiation-resistant 
microcircuits 

o Initiator of scanning-electron-microscope (SEM) 
inspections in the production of high-reliability 
microcircuits—in use at RCA since 1972 
® Initiator of MIL-STD-883, Condition A inspec- 
tions— in use at RCA since 1972 

Standard-Product High-Reliability IC’s 

RCA offers high-reliability versions of virtually its entire 
line of standard-product integrated circuits from the 
CD4000 series of COS/MOS digital logic types, the 
CDP1800 series of microprocessor and associated 
memory and input/output (I/O) types, and the CA3000 
series of bipolar linear types. These integrated circuits 
are processed and screened to either MIL-STD-883 or 


MIL-M-38510 Class B requirements. Extensive inven- 
tories are maintained for rapid, off-the-shelf delivery. 
RCA also offers high-reliability versions of standard- 
product types that are processed and screened to 
special customized specifications, especially for the 
aerospace user and others who procure types to Class 
S specifications. 

RCA solid State maintains an extensive computer file 
of customer specifications and has the methodology re- 
quired to translate these customized specifications into 
internal RCA standards and factory operating pro- 
cedures. In addition to the detailed device specifica- 
tions, the computer file lists the customer specification 
number, any revision number, and the RCA custom 
number assigned to a specific device type. 


Radiation-Hardened High-Reliability IC’s 

RCA also offers radiation-hardened versions of high- 
reliability (Class S or equivalent) CD4000- and CDP1800- 
series COS/MOS integrated circuits. Radiation-hard- 
ened types, which are identified by addition of a “Z” or 
“J” suffix to the device type number, are electrically and 
mechanically identical to their prototype with, the ex- 
ception that they are processed and screened to with- 
stand a total gamma-radiation dosage of 10 5 rads(Si) for 
Z-suffix types or 10 6 rads(Si) for J-suffix types. 


High-Reliability Custom IC’s 

RCA Solid State has complete custom-circuit capabil- 
ities for various COS/MOS and bipolar integrated-circuit 
technologies. Custom circuits are offered whenever this 
approach to integrated-circuit design is determined to 
be economically feasible. Various custom-design 
techniques have been developed to meet specific time 
and volume requirements. RCA high-reliability custom 
integrated circuits can be processed and screened to 
MIL-STD-883 Class B specifications. 


“RCA High-Reliability Integrated Circuits,” RIC-300, provides detailed 
information on types available, controlled ratings and characteristics, 
processing and screening schedules, and the reliability levelsand classesto 
which the types in each RCA high-reliability 1C product series are supplied. 
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